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CHAPTER I 


INTRODUCTORY 

From the point of view of weave structure, the manufacture of figured 
^decorative textile fabrics necessitates Jhe employment of more or less 
elaborate ^arts by means of which the customary jacquard cards, or their 
equivalenii^ may be punched or cut in order to complete the connection 
between the point-paper design and the actual shedding mechanism of the 
loom. This method of providing the selecting medium for the pattern is 
applicable to both hand and power looms, and there is perhaps no type of 
mechanism where more accuracy is required than in the various machines 
^ly^h are employed for the preparation of jacquard cards for the loom. 

Although tappet looms are used mostly in the weaving of plain, twill, and 
similar fabrics ^ere the weave effect is comparatively simple, and dobby 
looms are employed for the production of rather more complicated patterns 
on the surface of the cloth, the shedding apparatus of either or both of these 
types of loom may be desirable, and perhaps indispensable, in the produc- 
tion of certain types of decorative fabrics. And in some cases, one or both 
of these types of shedding may be used in conjunction with the jacquard. 

A detailed description of the jacquard machine parts is not intro- 
duced, but it will be necessary to illustrate several of the chief parts of the 
jacquard in order to show, as clearly as possible, the connection between 
the jacquard itself and the cayds which operate the needles ; as is well 
known, these cards art prepared or punched by special machinery. 

In the first case, it should be pointed out that, since the number of 
needles in a jacquard may vary from say 100 to 1300 or more, it is natural 
to find that^the disposition of these needles in the various machines also 
varies. Thus, in what is known as the short row of the machine, and 
this is of more importance than the long row in regard to the preparation 
of the cards, there may be 4, 8, 10, 12, or 16 needles, and, consequently, 
provision on the jacquard card for a corresponding numJjer of long rows of 
holes. The numbers in most frequent use are 8, 12, and 16 ; and since 
any of these numbers will suit our present puipose, we shall adopt the 
smallest nu^(iber. This number, 8, is used in all so-called 400’s jacquards. 

1 B 
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These machdnes, which have 61' short rctws, have evidently 61 x 8=^408 
needles and 408 !iiooks in t^ie simpl^t kind of jacquard. 

Pigs. 1 and 2 represent respectively the first and last rows of such a* 
machine, with the harness cords passing through the outeripost row of 
eight holes in the comberboard. The figures, although partly diagram- 
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' with the cylinder on the left-hand si^. The^view from the opposite end 
^ of the loom would be that of the last short row of neen^et and hooks, Nos, 
401 to 408, and the cylinder on the right-hand side as in Fig. 2. 

In practically all jacquard machines the top needle controls the hook 
nearest tl^e needle bo^rd and cylinder, as shown by Nos. 1 and 401 in Figs. 
1 and 2. The second needle* down controls the second hook from the 
cylinder, and so on as indicated in both figures until the bottom row df 
needles ^ reached ; hence, needles 8 and 408 control the hooks farthest 
away fioin the cylinder? If, thcjefore, the letter W, Fig. 1, represents the 
position of the weaver,^the outsj^de thread at the left of the warp must 
* / 8 9 iS 



Rrst 16 Threads on the 
0EFT HAND SIDE OF WEAVER 


Fig. 3. 

be drawn through the first mail belonging to the back long row of the 
comberboard. 

The above is the method adopted in several districts, but in other 
districts, on the other hand, the bottom needle — the one marked No. 8 in 
Fig. 1 — is considered as the first needle. In such a case, it is evident that 
the first thread on the weaver's left hand would be controlled by the hook 
marked No. 8. The two methods are illustrated diagrammatically in Fig. 3, 
with particulars on the left of the comberboard. It ^^ill be underst^, 
however, that the 16 threads shown would occupy a ve^ narrow width in 
general, and that in practice all the 8 holes in each short row of the comber- 
board are in^a line parallel to the edge of the board, and not at an angle as 
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illustrated Heoce, when Qxe jacq^jj^rd harness is tied up from the 1^^ 
to the hooks say of the jacquard in Eig. 1, the warp threads codd be drawn, 
through the mlils of the harness either backward or forward as demon- 
strati in Eig. 3. It will be seen later, however, that the two (bstmct 
St^of drating-in the ths^ds involve different methods of cutting the 
cards and of reading the horizontal Unes of the pom^paper design* 

As already mentioned, each 400’s jacquard machine contains 61 short 

a^glB with an area of 
about 13 J in.^by 7 in. 

. The general arrangement 

of the needles, hooks,, 
needle board, spring box, 
hook-rest and* hook-rest 
supi)ort are illustrated in 
perspective in the lower 
part of Fig. 4, while the 

upper illustration, marked 

A, represents the 
rest, and indicates the re- 
lative lengths of the long 
sides and short sides of 
the aboYe-mentioned^ect- 
angle. If the needle board 
in Fig. 4 were situated 
over the cloth and the 
weaver’s head, the position 
of the jacquard would be 
identical with that illus- 
trated in Fig. 2. 

^'he views in Figs. 1 
and 2 indicate, as just 
stated, the same jacquard 
viewed from the two ends of the same loom. They may„however, re- 
present two different positions of the jacquard with respect to the front 
of the loom. Thus, if the needle board and the cylinder were situat^ 
over the cloth and the weaver’s head, as in Fig. 43, and the loom m 
Fig. 2 viewed from the reader’s jMisition, the front of the loom and t e 
proition of the w’eaver is represented by the letter W. In this caw. 
numbers of the needles, hooks, and cords nearest the reader would be 
as marked, i.e. 401 and 408 ; but the first row of needles^ hooks, and 
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cords, Nos. 1 to 8,^ would clearly ]|6 at tjje other end of the looni. 
.Consequently, -the views in Figs. 1 and 2 may, whyt desired, be taken 
to represent two different jacquards on two adjoining looms in which 
the jacquaid cylinder is on the left-hand side in Fig. 1, and oR the right- 
hand side- in Fig. 2. .Hence, sjnce the lettef*W represents the position of 
the weaver with respect to the front of the loom, it io clear that with the 
arrangement indicated in Fig. 1, the jacquard cards would hang over the 
warp beam, whereas ^ith the parts in the positions shown in Fig. 2, the 
jac^aM cards would h^ng oveiathe weaver’s head and the cloth. Both 
arrangements are adopted in practice, wherever it is possible, for the sake 
of econoBiising ^floor space. In both cases, the long sides of the comber- 
board are parallel to the long sides of the cylinder and jacquard. 

• It is impossible to alter the positions of the comberboard, or the equi» 
valent hamess-reed, in the loom, but, on the other hand, it is possible to 
alter the position of the jacquard with respect to the comberboard. The 
jacquard may, for example, be turned one-quarter round from the position 
indicated in I^g. 1 or Fig. 2. This change would obviously place the long 
sides of the cylinder and the jacquard parallel to the ends or short sides of 
the comberboard, in which case the cards would hang at or near one end of 
^he^oom. 
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AND CENTRE TIES r 

c 

fiiNCE there are two distinct ways of arranging the jacqtiard in gelation to^ 
the comberboard, there will be two general and distinct dispositions of the 
harness cords which bridge the gap between the comberboard and the 
bottom bends of the hooks or uprights. These two distinct dispositions 
are known by the terms : 

1. Norwich or Straight Tie. 

2. London or Crossed Tie. 

When the card cylinder and the needle board (the long sides of^h^ 
jacquard) are parallel to the long sides of the comberbqj^rd, the harness 
tie for any kind of pattern is termed the “ Norwich Tie ” or the c Straight 
Tie,” but when the card cylinder and the needle board are at right angles 
to the long sides of the comberboard, the harness tie for any kind of pattern 
is termed the “ London Tie ” or the “ grossed Tie.” 

A little consideration will show that there are, in reality, four different 
positions that any jacquard machine may occupy with respect to a comber- 
board. For instance, the cylinder may be at the back of the loom, at the 
iront of the loom, on the left-hand side or on the right-hand side. It is 
essential that those who have charge of the card-cutting department should 
know the effect which any of these positions will iave upon the design on 
the woven fabric. This phase of the question is, indeed, a very important 
one, and it is dealt with more fully at a later stage of this work (see pp. 219 
to 234, Chapter XIL). 

The particular ways in which the harness cords arei ** tied ” or 
mounted” to the hooks, irrespective of the position of the jacquard 
machine, are defined by special names — harness ties.” Such names 
result in general from the type of ornament which has to be developed on 
the surface of th^tloth. Thus, there are the following : 

1. Straight-through Tie : this title is given when there is no repetition 
of the pattern between the selvages of the cloth, i.e. when there 
is one unit only of the design in the width. 
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2. Repeating Tie^j^ this term is use^ when there are t^o or more repeti-, 

tions of the same pattern in the width of the cloth. 

3. Centre or Pointed Tie (also termed the “ lay-over tie”) : this tie is ^ 

citable only for symmetrical patterns. * 

4. Mixed Ties or €ompoiin^ Ties : these* ties involve the use of two or 
• all of the foregoing ties. 

We shall illustrate in different ways all the above-mentioned four tjrpes, 
and, in addition, we s?iall supply other particulars concerning the general 
rela1)ioff between the v*5ous parts involved. * 

All jacquards controFthp threes of the warp, when^the latter are rising 
and falling, through the medium of a series of cords which connect the lower 
ends of the jacquard hooks with the glass^ brass, or other similar metal mails 
through ^hich tbe warp threads are drawn. Each cord may consist oi 
two or more distinct parts — viz., neckband or tailcord, long cord or harness 
cord, and^the prepared lingoe ; but at present we shall assume that the 
constituent parts of the connection between the jacquard hook and the mail 
are one cord, to which is applied the general name, “ harness cord.” In 
some extreme cases each jacquard hook carries only one such cord, and 
controls only one thread of the warp ; hence the total number of threads in 
th^^wa^p, excluding selvage threads, must be the same as the number of 
hooks in the j^uard. In order, however, to produce fabrics of suitable 
and various widths, it is customary for reasons of economy to arrange that 
each jacquard hook shall carry two or more such harness cords, and thus 
control two or m^re threads of the warp at different points in the width of 
the fabric, the said points being predetermined in accordance with the typ^ 
of pattern to be produced. By tnis means practically any desired width 
of fabric may be produced with a reasonable number of needles and hooks. 

The system or method by which these harness cords are arranged in 
their respective positions in fiie comberboard or in the harness reed is 
termed the “ harness tie,” or “ harness mount.” Owing to the very 
extensive range of jacqijiard-figured textiles there is an infinite number of 
ways in which any coAplete group of harness cords may be arranged to form 
a tie, but the differences are more in detail than in principle, and all harness 
ties may be classed in one or other of the above-mentioned four groups. 
In the machine illustrated in Fig. 4, the cylinder is not shown, and the end 
of the needle board is shown cut off flush with the last row of needles and 
hooks (the first row being on the right hand when facing the cylinder or 
needle board), but otherwise the illustration provides a fair idea of the 
relative positions of the component parts’ of the machine. It would, 
however, be clearly unwise to attempt to show in true perspective, and from 
the same position as that indicated in Fig. 4, all the connections from the 
bottom of the hooks to the warp threads. At the best we could shoif 
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distinctly hooks from only ^ne shoifv row or one long^row of the machine. 
When the object is tp show harness ties in which both of these rows appear, « 
we may show them as if viewed from a similar position, but instead of 
attempting* to illustrate them in pure perspective we shall adopt some 
modified form so as to display the necessary parts to advantage. When the 
height of the eye is between the comberboard and the jacquard machine — 
the normal position — the underside of the machine is exposed to view, and 
the position of any particular hook, with its connections' to the* comber- 
board, through the medium of the harnesi cords, ^y be plainly s^n. 

The repeating tie, often called the all-cwer repeating tie, is of the simplest 
kind ; it really embraces all ties in which the threads of the warp #'re drawn 
through the mails of the harness in regular succession from the back of the 
Asomberboard to the front, or vice versa, as exemplifie(i- in Fig^ 3. This® 
system corresponds in a sense to the straight drafts in shaft work, but the 
total number of hooks used in harness w^ork corresponds to thelfiumber of 
shafts used for tappet or dobby work ; the number of long rows in the 
comberboard must not be confused with the same number 6i shafts. As 
has already been mentioned, there may be only one complete unit of 
the draft in the harness— no repetition ; and this, the very simplest type 
of harness tie, the straight-through tie, is illustrated in Fig. 5. It is ftlso*' 
termed ‘‘ the all-single tie,” although it is precisely of the same type as 
repeating ties. The machine is a 400’s jacquard of the English ty^pe, where 
a wooden or iron bottom grate A, with the necessary transverse rods, forms 
the support of the hooks when the latter are in their lo\|est position, and 
in this particular illustration there is no gap between the 26th and 27th 
short rows of hooks ; in practice a gap is%ft, as will be seen later, to provide 
room for the centre lacing of the cards. The cylinder in Fig. 5 is at the back 
of the loom, hence the first or leading thread is at the weaver’s left hand 
and at the back of the comberboard. The^ first eight threads of the warp 
are operated by the first short row of cords, which are shown as being 
attached to the second row of hooks in the machine, 9th to 16th inclusive. 
The first row of hooks has been purposely omitted* as indicated by the 
eight unfilled holes at the left-hand side of the bottom board A, because 
this row is almost invariably left for special work when one jacquard only 
is in use. A neckband B is attached to the lower end of each took D, and 
a single harness cord C is tied to each neckband B, and then shown as 
passing through a hole in the comberboard E. Further connections are 
considered unnecessary at this stage, the object being to show the distribu- 
tion of the harness cords for pattern purposes only. No selvage cords are 
included, although these would naturally be required for the fabric ; the 
corresponding selvage threads at each side of the texture would be controlled 
in this case by the same hooks, and all the selvage hooks would be in the 
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first row of the machine, unless special hooks und needlejj are provided in 
•addition to the normal complement of the machine. The wires for the heck 



TEXTILE DESIGN 



Fig. 5. 


are shown at F, the purpose of which is to secure a umform lift of the threads 
from selvags to selvage. 
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^ the^comberboard app^rs at G, and it viU be seen that there 
are in all 400 cords ^9 to 408 inclusive), while immediately under the plan* 
we have introduced a simple design, composed mostly of letters, to show 
that there is no repetition of the pattern at any point of the design if we 
except the repetition of the Itelters T, E, an^ I. The*dotted lines from the 
first and the last hooks show clearly that 400 different threads are lequired 
to reproduce the design. Now, in actual work 400 threads would form only 
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illustrates not only the method and tie adopted for narrow ribbons or bands 
pi simple design in various kinds of fabrics, but also the harness tie adopted 
for the most elaborate silk designs as woven for banners and similar articles, 
where every thread is worked independently of any other. It would 
probably be impossible to develop the words “ Textile Design ” with such 
a small number o^hooks. The principle, however, would be the same if a 
machine with 1200 needles and hooks- were used. 

If the wor^ ‘‘ Textile Design ” were to be woven in a narrow fabric in 
the vertical direction instead of the horizontal, perhaps not more TO 
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to iOO threads would \e required (and cfnseque^jtly a jacqjard of 100 hooks 
capacity would be sufficient). It is a common practiq^ in the wea^dng of 
certain fabrics to adopt this method of developing the ornament since a' 
minimum number of needles 
and hodkffis required. Thus,^ 
the repsoduction of the woven 
silk picture illustrated in Fig. 6 
shows that the heighf gf the 
patftnPis much less tli|fi the 
width. The figure is a repre- 
sentations of the Cartwright 
Memorial Hall in Manningham 
J^ark, Bradford. •During the 
wea^g process the cloth 
appeared yO degrees farther 
round, and even then the nar- 
rower width required 1200 
needles and 1200 hooks for the 
work, with a straight-through 
^lie.® If the cloth had been 
woven in the position repre- 
sented in Fig. 6, i.e. with the 
warp threads for the width, it 
would have been necessary to 
employ 1728 needles and 1728 
hooks. 

Fig. 7 is a photographical 
reproduction of a unique patent 
quilt fabric, 1 9 in. wide by 39 in. % 
long, made by Messrs. Barlow 
and Jones, Ltd., Mancjiester, 
the sole makers of the well- 
known “ Osman ” cloths. A 
glance at this figure shows at 
once that the ornament on the 
cloth was developed by means 
of the “straight-through ‘tie- 
up ** ; moreover, it was woven 
with the warp threads parallel to the length of the clo^Ji. Four jacquard 
machines (two of 612 needles and two of 312 needles) were utilised for the 
work, and yet, as already stated, the tie-up contained only ona uniti^ 
Altogether 22,600 individual jacquard cards were Used, 66W for each-. 
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machine, and since each royr of foni* cards served foj two picks, the cloth 
contains 11,300 sliot^ of weft. 

For certain elaborate designs of the straight-through character there 
may be thousands of independent threads, involving the use «f as many 
individual hooks and needled in one or more jacquards. An interesting 
silk picture was made several years ago (the early part of this century) by 
means of 6 jacquard machines, each with 1312 needles, or 7872 needles in 
all, and 43,776 cards. The harness tie for this remarkable nictuse was on 
the strafght-through principle. 

Of all the so-called repeating ties the^ne just described and illustrated 
is used least, if we except narrow wares. Even if 400 threads arg. required 
for one unit of the design, it generally happens that two or more of these 
iinits are required to make up the given width. Whatever number of, 
repeats is required, however, the same principle is observed in tte harness 
tie. Thus, suppose that it were desired to reproduce the simplS repeating 
design in Fig. 8 in each of the parts marked : 

First repeat. Second repeat. Third repeat. 

It is e\ddent that in the portion marked “ First Repeat,” which is the unit 
design in the width (about 1 1 repeats of the unit appear in the way of«the^ 
weft), there could be formed no two vertical divisions, however narrow, 
which would be identically the same. Therefore, whatever njjmber of 
harness cords and threads are used to reproduce this unit pattern, each one 
must be operated by its own needle and hook. In practice the pattern may 
be developed on almost any number of threads, large or small, provided 
that the minimum number used is sufficiently great to develop every detail 
in the design in the desired width ; but to demonstrate the principle upon 
which the harness tie for this pattern is based, we shall assume that every 
row of a 400’ 8 jacquard (all the 408 needl^ and hooks) are to be utilised 
for the production of the ornament, and that the selvages and other narrow 
strips outside the pattern proper are to be obtaiqpd by parts not yet de- 
scribed. It will thus be seen that it is intended to ittilise 408 needles and 
hooks for the reproduction of the ornament represented in Fig. 8 above the 
words “ First Repeat.” Now both the second and third repeats in this 
figure are identical from point to point with the first repeat, so^hat the 408 
hooks, which control the 408 harness cords C (see Fig. 5) and the 408 
threads for the first repeat in Fig. 8 may also be utilised to control the corre- 
sponding threads of the warp in the second and third repeats, or indeed, of 
any higher numbej of repeats, if a greater width of cloth is required in the 
same sett or porter. 

To accomplish this, it will obviously be necessary to have 408 x 3 repeats 
»1224 threads controlled by 1224 distinct mails and harness cords ; hencO) 
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each of the 408 hooks^must actuate thrge harness cords and three threads of 
.the warp (one in each repeat of the pattern in llg. 8). ThUse three threads, 
one in each section, must naturally rise and fall in unison with the hook ; 
consequently the three corresponding harness cords must be attached to the 
hook or rather to the. neckband B, Fig. 5, which depends from the hook. 

The^ manner in which this' extension or duplication of the pattern is 
obtained is illustrated in Fig. 9. In this view the hooks D are typical of 
those used in Scottish jltcquards in which the bends on the hooks rest, when 
in theiialowest position^^n the r^s H ; in this machine, the rods'H serve 
the same purpose as the nook-rest^ on board A, Fig. 5. 

If the^three harness cords from the bottom of No. I neckband B, Fig. 9, 
be followed from the knot marked it will be found that each separate 
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cord C passes to the back of t|^e comberboard E, and that each individual 
cord passes through the back hole in the corresponding short rows, and 
therefore occupies the first position in its respective section or repeat. 
Numbers 2, 3 . . . 8 follow in regular succession until the front hole in the 
comberboard is reached. It is unnecessary, and indeed impracticable, to 
draw all the cords ; as a matter of fact not a single cord need be drawn to 
indicate the; nature of the tie-up. All this information can be exhibited 
by drawing a simple rectangular figure as at E^ to represent the comber- 
board, and to mark in clearly the first and last short rows, or even only the 
first and last holes, and to join the latter as exemplified. Thus, in each of 
the repeats in the diagram E^ an arrow joins the back hole in the first short 
row to the front hole in the last short row, and the direction pointed by the 
arrow indicates, as it were, the draft. In the present instance, the drafts,' 
of all three repeats or sections are from back to front. 
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^Hie general arrangement of tii^ parte in Fig. 9 ^ows that the tie is a 
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• Fig. 9. 

“Repeating Tie,” and that it is arranged on the Norwich or Straight 
system, and so is that in Fig. 5. If the position of the weaver is represented 
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bjr- that of the reader, the cards would he wtuated over the warp. If the 
cards were intended to hang above tte wea^r, the jaequard would be 
turned through 180 degrees. The hooks are numbAed as well as the 
comberboard, while the connection between the hooks and th^ needles is 
clearly illustrated. The gap left for the centre lacing is shown quite 
plainly in 'this figure. ’ • 

The “machine in the foreground of Fig. 10 is a 400’s double-lift, single 
cylinder jacquard ; th^ harness is tied up on the Norwich principle for 
threg repeats or units oi the pattern in the width of the cloth in this 
particular case the unif#are in different colours as shown by the woven , 
cloth. The harness cords mnd tRe comberboard are^clearly seen. The 
loom behmd is a single-lift 25-row twilling jacquard, and in both cases the 
cards hang over the warp. The looms are driven electrically by small 
individual «notors supported by the stands on the left. * 

If, befq^e the mounting of the harness took place, the jacquard were 
turned through 90 degrees, then the mounting for the design shown in Fig. 8 
would be as ^emplified in Fig. 11. In this illustration, the cylinder of 
the jacquard has been omitted, but the needle board J is shown, as well as 
the spring box S, the hook-rest board A, and a bottom board K. All the 
Jiooks of one long row and the hooks of one short row are shown, as well as 
the needles for the latter, and again the full 408 needles and hooks have 
been utilised, but the tie-up is shown only to a few short rows of the comber- 
board. No. 1 hook is identical with that in Fig. 9, but it occupies a different 
position with respect to the comberboard. 

As in Fig. 9, the three cords from hook No. 1 in Fig. 11, and shown in 
heavy lines, pass to the back holes o\ the first short rows in the three sections 
or repeats, and, in each case thereafter, the cords in regular succession 
occupy the holes 2, 3, 4, 5, 6, 7 and finally 8, the latter being in the front row 
of the comberboard. Similar heavy lines indicate the connection between 
the last short row of the jacqffards (hooks 401 to 408 inclusive) and the 
three corresponding short rows in the comberboard E. In addition, a 
series of light lines ar^dftiwn from the middle short row (the 26th) of hooks 
in the jacquard to the middle short row of each section or repeat in the 
comberboard. The various parts are numbered in order that the tie-up 
may be easily followed. 

In Figs. 8, 9 and 11, the comberboard is shown as a solid block, and no 
provision is illustrated for fastening it in its correct position ; slots near the 
ends of the board or else in its supports are provided for this purpose. 
Instead of a solid block comberboard, thin sectional strips, similar to the 
illustration at L, in the lower part of Fig. 11, are often used. When these 
strips are closed together, they serve the same purpose as a solid board) and 
they’ possess advantages over the solid board which shall be discussed.^' 
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the proper place. These^slips h^e specially prepared frames to -wipport 
them, and the £:a^e is fixed in a similar manner to*that employed for solid 
boards. Two slips are shown in position on the extreme right in the lower 
diagram tn Fig. 11. All the parts in this lower diagram are dr^wn to a much 
larger scale than the remaining parts of the figure, and,, in practically all 
cases, the holes are staggered or zigzagged as shown. 

The method of mounting or tying-up illustrated in Figs. 6 and 9 has 
many advantages over that illustrated in Fig. ll^mriter alia, th^ simplicity 
of mounting, and the introduction o^the mii^um amount fiiction 
amongst the harness cords. ^ , 

It has, however, the disadvantage of fixing No. 1 hook, or Jhe leading 
harness cord, at the weaver’s left hand or at the right hand, according as the 
cards fall over the warp or over the weaver’s head respectively. With the 
London tie, Fig. 11, on the other hand — i.e. where the long^rows of the 
jacquard are at right angles to the long rows of the combtrboard — the 
leading harness cord, and therefore the leading thread of the warp, may be 
arranged when tying up the harness, either at the weaver^ left hand or at 
her right hand as desired, independently of whether the cards fall to her 
right or to her left. A number of looms with the jacquards arranged for 
the London tie are illustrated in Fig. 12. ^ 

In Fig. 11, and as already pointed out. No. 1 hook is connected to a 
harness cord which passes to the weaver’s left and through a hole in the 
back row of the comberboard. Similarly, the two other cords attached to 
No. 1 hook pass to holes in the back row. But little consideration is r^uired 
to see that these cords might have been equally well passed to the weaver’s 
right hand, and to holes in the front tow of the board at present numbered 
408. In like manner cords from hook No. 8 would have been taken to the 
right and to the back row instead of to the left and to the front row as illus- 
trated. In this way the leading cord of ^he harness would have controlled 
threads to the right hand of the weaver, and succeeding threads would have 
followed from right to left. 

In many cases it is immaterial as to whether a pattern is developed from 
left to right, or vice versa, but in other cases it is essential that this point 
should receive consideration. The London tie has the advantage that by 
means of it a jacquard can be tied up to read either fromJeft to right or 
from right to left, no matter at which hand of the weaver it is necessary that 
the cards should fall. 

Where jacquards are extensively used for the production of all-over or 
repeating patterns of the type indicated— c.j^. in the production of dress 
goods and similar fabrics where the size of the pattern is comparatively 
small, and where a large number of different weaves are used (not neces- 
sarily for the same fabric, but in the same loom for different fabrics)— it is 
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very common practice^^to leave out of action a c^ftain num^jer of the hooka 



Fig. 12. 


1 order that a fabric having a different number of threads per inch may Ih 



20 


JACQUARDS AND HARNESSES 


u CHAP. 


woven by the pachin^. .Take, f^r example, the jf^cquards in common use 
m Bradford andf^other districts where similar goods are manufactured j 
these machines usually contain 304 needles — a number which is found to 
be amplfe for the weaving pf the majority of such fabrics-?tand they are 
often tied up so that the working capacity of the machine, or the number of 
needles in use, is suitable for a comparatively large number of ground 
weaves. For this reason the straight repeating ties are seldom mounted 
in multiples of ten, but generally in multiples of <Jight or twelve. Leaving 
aside the character of the design for thi time be^ig, it is quite evident that 
most of the usefql small weaves are oij 2, 3, 5, 6, and 8 threads ; and of 

these weaves those on 5 threads, excepting those for damasks, ^re perhaps 
the least employed. It is therefore not surprising to find that the above 
machines are often tied up to be suitable for weaving fabrics, the grounds^of 
which may be developed in 2, 3, 4, 6, 8 or 12 thread weaves.* Such being 

the case, it is evident that a 
tie-up of 288 hooks is, on the 
whole, the ihost useful one; 
while for similar reasons 200*8 
and 400*s machines are often 
tied up to 192 and 384, hooks 
respectively when intended 
for the sahie ty^e of goods. 
The 384 tie-up is exceedingly 
useful fo^ these fabrics and 
for experimental weaving, 
since all weaves on 2, 3, 4, 6, 
8, 12, 16, 24, 32, 48, 64, 96, 
192, and 384 threads may 
be woven without any break between tjie various re])eats. 

The absolute necessity for the number of hooks employed being a 
multiple of the unit weave depends, however, upon the character of the 
design. If the figures in the design are detached *a8 illustrated in Fig. 13, 
then it is essential that the ground weave unit should be a measure of the 
number of needles and hooks in use. It is easy to see that this is the case, 
for the ground weave must be continuous from side to side, •as well as from 
bottom to top of the design, otherwise a break in the pattern would clearly 
obtain in each repeat. If, however, the main figures in Fig. 13 be sur- 
rounded by any kind of continuous ornament — e.g. ribbon work, diagonal 
lines in both directions or only in one direction, ogee forms, or, say, circles 
as illustrated in Fig. 14 — then the conditions are entirely different. It is 
obvious that in such cases each enclosed area formed by the interlacing or 
encircling ornament may be treated as an isolated section, and conse- 
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quently the number of hooks need not nyessarily be a multiple of the unit 
weave. Moreover, witlJ such a design, it is evident^ that different ground 
weaves may be used in the various sections without in any way impairing 
the beauty oJ^the design or the woven fabric ; indeed, in many cases such 
a recourse Dq^y have the opposite effect, and may greatly enhance the value 
of the textile product. Nevertheless, it is always a distinct advantage 
to have tte machine tied up so that it is suitable for the majority of useful 
weaves, because it is quita clear that such an arrangement is equally adapted 
for th^*^undwork of det^hed or (ijficlosed figures. 

The number of threads oy harness cords per inch in the comberboard 
or harness reed depends partly upon the kind of fibre used, partly upon the 
structure of the cloth, and partly upon the weaves used and the effect desired 
in^the fabric. Theoretically any number per inch may be used, and the 
machine tied*up for this num- 
ber ; but wlfen once tied up 
for any particular number, 
that number is ‘fixed within 
very slight limits for all 
patterns in which all the 
hook^and needles of the tie- 
up are in operation. In other 
words, the sett of the fabric 
is fixed unless some of the' 
needle and hooks remain 
inoperative. To illustrate 
this point clearly let us take 
a concrete case, say, of a 300’s 
machine tied up with 288 hooks per repeat and mounted for a 27 in. 
cloth with 96 threads per inch in ^e reed. 

288 hooks 

96 per inch ^ ^ repeat of the pattern, 

1 27 in. width 

— — = 9 repeats of pattern in the cloth : 

3 m. pattern ^ ^ 

96 thread^ per inch x 27 in. wide 

Consequently for this mounting each hook of the jacquard would require 
to be furnished with nine harness cords, one cord for each repeat of the 
pattern, and the tie-up would be a repeating one similar to Fig. 9 or Fig. 10. 

So long as the cloth requires to have 96 threads per inch, the above 
conditions would remain intact, and the full complement of tied-up hooks 





JAU^UAKDS AINU MAKJNJfiS8Jfi» c chap. 

■ , i ' 

would be used ; but if a^similar ^bric were required to cojitain a different 
number of threads per inch, then it is obvious that some alteration would 
be necessary. It is clearly impossible to make a cloth with more threads 
per inch without re-tying the harness to suit, but clotfcs with fewer 
threads per inch may be, knd often are, woven in such a looiu. Any such 
reduction of sett, however, must be accompanied by a reduction in the 
number of hooks in use, and those hooks or cords which for the time being 
remain inoperative are said to be “cast out,”ior “ fileyed.’\ Since the 
number of complete rows cast out in the harne^is proportional ihe sett 
or porter of the ^fabric, the width of^ the fa,bric for the reduced sett will 
be the same as that of the original. Thus, 36 rows of 8 hooks ger row give 
a 3 in. pattern on 96 threads per inch ; therefore 35 rows would give 

96 threads x 35 rows • ' 

TT = 931 threads per inch. 

36 rows ' 

This shows the method of finding the resulting sett from any reduction 
in the number of rows per repeat, but it does not follow that every reduc- 
tion will prove satisfactory. For instance, in the above case one row cast 
out in 36 means that there are 35 rows of hooks and needles to be used — 
that is, the hooks and needles in actual work are to be reduced from<288 to 
280. Now this particular reduction gives a number wl^ich, unfortunately, 
reduces the general value of the tie, since weaves repeating oij 3, 6, 9, 12, 
etc., cannot be used except for patterns similar in nature to that in Fig. 14. 
Besides, a reduction in sett from 96 per inch to 93 per inch is scarcely 
perceptible in the cloth, and therefqye such a reduction in this sett would 
be rarely attempted. 

The first satisfactory reduction in the above-mentioned tie-up is obtained 
by leaving three idle rows in the machine in addition to those already left 
out — that is, leaving idle three rows or l^wenty-four hooks per repeat, thus 
reducing the number in the repeat from 288 to 264, and making the sett 
equal to , ^ ‘ 

264 , , 

— =88 threads per inch. 
o 

Similar satisfactory reductions may be made by casting* out additional 
groups in multiples of 3 rows or 24 hooks at a time, thus reducing the sett 
each time by 8 threads per inch. By proceeding in this manner the total 
number of hooks still left in the repeat will be some multiple of 24, and will 
therefore be satisfactory for any weave which repeats on 2, 3, 4, 6, 8, 12, or 
24 threads. Casting out by such a method, if practised systematically, 
may be made to give a 3 in. pattern in any of the seven setts in Table I. : 
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Table 



Further reductions might be made, but they would be warranted only 
in extreme cases, since any greater reduction than that shown in the last 
column would clearly necessitate the casting out of two consecutive rows of 
hooks— a most undesirable expedient. For the coarser setts it would be : , 
much more satisfactory to tie up the harness, say, for a maximum of" 
64 threads per inch on 24 rows, or 192 hooks, of a 200’s jacquard, for it i 
must be remembered that however few rows are cast out, the card used is ' 
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theoretically in all cases, and practically in some cases, greater than what 
is actually requiied for the* reduced number of needles in use. 

If 192 hooks of a 200’s jacquard be tied up for 64 threads per inch, the' 
principle pf reduction just described may obtain, as shown in Table II. 


Table II • 


- 

1 

2 

(. 

4 

5 



» 

t* 



Threads per inch . 

C4 

56 

^ 48 

40 

32 

Width of pattern 

3 in. 

3 in. 

3 in. 

3 in. 

3 in. 

Threads j^er repeat 

192 

168 

144 

120 

' 96 

No. of rows employed . 

24 

21 

18 

15 

12 



1 

1 

1 

. 1 

1 


2 

2 

2 

2 , 

— * 



3 

3 

3 

3 

3 



4 

4 

— 

_ 4 

— 



5 

5 

5 

5 

5 



(> 

6 

6 

— 

— 



7 

7 

7 

v 

7 



8 

9 

9 

9 

{) 

9 



10 

10 

10 

10 

— 



II 


11 

11 

He 

Rows of jacquard in use. 


12 

12 

— 

— 

~ 

Dashes! — ) =cast out rows.' 


13 

13 

13 

,13 

13 



14 

14 

14 

— 

— 



15 

15 

15 

15 

• 15 



16 

— 

— 

— 

“1 



17 

17 

17 

. 17 

17 



18 

18 

18 

18 

— 



19 

cl9 

19 

19 

19 


1 

20 

20 

— 

— 

— 


i 

21 

21 

21 

21 

21 



22 

22 

22 

— 

— 



23 

23 

23 

23 

23 



24 

— i> 





Should this arrangement not prove sufficiently fl^ible, or permit of a 
sufficiently fine gradation of setts — a drop of 8 threads per inch in the 
lower grades is perhaps too much — reduction may be made by casting out 
single rows of 8 at a time on a similar system, although this system would 
necessarily, in certain cases, prevent the use of some ground weaves. For 
example, suppose 192 hooks of a 200’8 jacquard were tied up with 72 threads 
per inch, the pattern would clearly be 


192 hooks 
72 threads 


= 2J in. wide ; 


but by casting out one row of 8 hooks for each decrease in the sett, a differ- 
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ence of 3 threads only would obtain between successive setts. The follow- 
ing Table III. shows this, but weaves on 3, 6, 3 , or 12^threads cannot be 
used with those setts marked with an asterisk. 


Table III 


• 

1. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

• « 



• 







Threads per inch 

72 

qt)* 

66* 

63 

60* 

57* 

54 

51* 

48* 

Width of pattern 

21 in. 

in. 

2! m. 

21 in. 

25 m. 

2| in. 

*2^ in. 

2S in. 

21 in. 

Threads pst repeat . 

192 

184 

176 

168 

160 

152 

144 

136 

128 

No. of rows employed . 

24 

23 

22 

21 

20 

19 

18 

17 

16 



1 

1 

1 

1 

1 

1 

1 

1 

1 

• 


2 

2 

2 

2 

2 

2 

2 

2 

2 



3 

3 

3 

3 

3 

— 

— 

— 

— 

• 


4 

4 

4 

4 

4 

4 

4 

4 

4 



5 

5 

5 

5 

5 

5 

5 

5 

5 

• 


7 

7 

6 

7 

7 

7 

7 

7 

7 

7 



8 

8 

8 

8 

8 

8 

8 

8 

8 



9 

9 

9 

9 

9 

9 

9 

— 

— 



10 

10 

10 

10 

10 

10 

10 

10 

10 

Rows of jacquard in 


11 

11 

11 

11 

11 

11 

11 

11 

11 

use. 


12 

12 

— 

— 

— 

— 

— 

— 

— 

Dashes (— ) = rows 


13 

13 

13 

13 

13 

13 

13 

13 

13 

cast out. 


14 

14 

14 

14 

14 

14 

14 

14 

14 

• 


15 

15 

15 

15 

15 

15 

15 

15 

— 



16 

16 

16 

16 

16 

16 

16 

16 

16 

* 

• 

17 

17 

17 

17 

17 

17 

17 

17 

17 



18 

18 

18 

18 

— 

— 

— 

— 

— 



19 

19 

19. 

19 

19 

19 

19 

19 

19 



20 

20 

20 

20 

20 

20 

20 

20 

20 



21 

21 

21 

21 

21 

21 

— 

— 

__ 



22 

22 

22 

22 

22 

22 

22 

22 

22 



23 

23 

23 

23 

23 

23 

23 

23 

23 



24 

— 

• 

— 

— 

— 

— 

— 

— 


These methods of oasfing out present no difficulty with regard to the 
painting of the design. The design is enlarged or transferred to point-paper 
on the requisite number of blocks, but the card-cutter must be instructed 
with regard tq the number and the positions of the rows which are to be 
idle, so that whenever he comes to one of these numbers he may give a 
blank tread. The pegs, corresponding to the missed rows, may be with- 
drawn from the piano rack ; or separate milled racks, with teeth omitted 
at the desired places, may be provided for the different orders of casting out. 
The ordinary index card on the piano would then be disf)ensed with, and 
special arrangements made for facilitating the r wading of the design ; if 
the ordinary index card is used, the design would probably be cut into 
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strips 'at those points where the ro^ are cast out, and unpainted blocks of 
design-paper inserted, so tkat no cutting could take place on blank rows. 

In certain cases there appear at first sight to be simpler methods of 
casting oi?t than those mentioned. For example, where one-eighth or one- 
quarter of the harness is to be dropped in a 300’s or 400’s machine, it would 
seem simpler to drop one long row or t\^>o long rows respectively. The 
objection to this system would be the fact that the design-paper would 
have to contain 6 or 7 rows of small squares betw'^en each pair of vertical 
heavy lines, and the weave in most casep would be more difficult to insert 
on such paper. If suitably ruled paper could pot be obtained, then special 
hand ruling in 6’s or 7’s in a distinctive colour of ink would be necessary. 
It also appears simpler to leave all the idle hooks at the two ends of the 
r machine, thus simplifying card-cutting ; but this method naturally leaves 
large groups of unoccupied mails after each repeat, and the space occupied 
by these groups causes the threads near the beginning and fi iish of each - 
repeat “ to draw ” on account of their path not being perfectly perpendicular 
or square to the reed. Several rows, at any particular pait, say at one or 
both ends, may be omitted when re-tying is necessary. This method, 
however, is a little outside the j)resent discussion. 

Harness Ties for Striped Designs . — These may be divided into two general 
classes, thus : 

1. Those in which the whole of the warp is controlled by the joint action 
of the jacquard or jacquards and the harness. 

2. Those in which a number of the stripes, often alternate ones, are 
controlled by the jacquard and harness, and the remainder of the stripes 
controlled by shafts or healds. 

The breadth of the stripes may, of course, be broad or narrow, depending 
upon the sett, the extent of the design, the use to which the fabric has to 
be put, and upon the capacity of the jacquard. 

The great majority of the designs intended to come under Class 1 are 
of such a nature that, although they are termed-, and actually are, striped 
designs, the tie-ups are subject to exactly the sahifc conditions as those for 
many designs in which the ornament has no resemblance whatever to a 
stripe nature. In such cases, the tie-ups shown in Figs. 5, 9, and 11 would 
meet the requirements. . 

Consider, for example. Fig. 15 ; the single unit or repeat of the design 
is, obviously, of a very pronounced stripe character, since it consists of : 

(a) A black figure on a white groimd, alternating with 

(h) A white figure on a black ground. 

These sections, fully worked out, are marked respectively L and D, and 
the repeats, two of each, would appear in the blank rectangles to the right ; 
these are distinguished by the same letters L and D. The positions which 
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their controlling harness cords C woul^ occup;j, are also indicated by the: 
same letters on the comberboard E, where the staggered holes represent 
*the first and last short rows in each section as well as the front staggered 
row. This Jatter row could, of course, represent cords from N». 9 needle 
and hook and all others in the coiresponding long row, or No. 16 needle and 
hook with the full complement* in the same long row, depending upon the 
method* of drawing-in the harness, see Fig. 3. (The first short row and last 
short ro\y have been omitted in Fig. 15 as stated.) 

Tha> comberboard EJ^s showrvj arranged for three complete repeats to 
correspond with the three repeats (six sections) occupied by the design and 
its adjoij^ng places of repetition below the comberboard E. A small strip 
is shown near each selvage, but no cords are shown descending to them ; 
cords would be necessary at these places, however, in order that the woven 
texture wofild exhibit an unbroken curved outline at the edges of the design. 

In Fig.* 15 we have purposely omitted the jacquard itself, but have 
introduced the hook-rest board A, the hooks D of one long row, the harness 
cords C from t^ese hooks — neglecting the first and last — and the knots 
where three separate harness cords are indicated as being tied to each hook. 
Since there are 38 hooks D in the row, the illustration represents a 300’s 
jacquard (38 hooks x8 per row = 304 hooks), with 36 hooks tied up, or a 
mounting of 36 x 8 per row = 288 cords and hooks. 

A tie-up of a*compound character appears in Fig. 16, in which there are 
three distinct stripes : 

1. The narrpw stripe marked N. 

2. The broad stripe marked B. 

3. The medium stripe marked M. 

In this example, the narrow stripe N appears six times, the broad stripe 
B three times, and the medium stripe M twice. The comberboard E is 
shown above the design, and marked out for the first and last rows and the 
front row in each section. .It is arranged for a 600’s or 12-row jacquard, 
to be tied up as follow^ 

48 hooks for 1st stripe N, 3 harness cords per hook = 144 


360 „ 

„ stripe B, 3 „ 


99 

= 1080 

144 „ 

„ stripe M, 2 „ 

fV 

99 

= 288 

„ 

„ 2nd stripe N, 3 „ 

99 

99 

= 144 

600 




1656 


- i.e. 600 hooks utilised for the figure, and 12 hooks reserved for selvage 
threads, tape selvages, or the like. 

The measurements of the various sections in the design and in the 
^comberboard E are as under : 
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1st stripe N is 0*5 in. wide. 

* stripe K is 3-75 in. „ 

Btrip(‘ M is 1*5 in. „ 

2nd stripe N is 0*5 in. „ 

« 6*25 in. width of unit U. 

Hence " 

600 cords 

- ■ . — = 96 cords per inch, and 96 threads p(‘r in. in the reed. 

6*25 in. 

^ C 

It will be noticed that there is scarcely one complete repeat oiw^it of 
the broad stripe in the way of the weft, whpreas tw^o repeats are shown 
in the medium-width stripe ; no indication of the pattern is exljibited in 
the narrow stripes. 

It will be apparent that if all the narrow strijies contained exactly th^ 
same design, it would be jiossible to tie up the machine so thal 552 hooks 
and needles would be sufheient for the work ; thus ^ 

N + B + M 
48 + 3(10 + 144 -552. 

In such a case, all the harness cords from the six narrow stripes would be 
controlled by 48 hooks instead of by 90 hooks as illustrated. Or a similar 
but wider pattern could be obtained by utilising all the 000 hooks of the 
machine, and making the strijie B. the stri])e M. or both, a little wider, for 
there would evidently be 48 available hooks for such an increase in the 
figuring capacity. It need hardly be said that these -^8 available hooks 
could, if desired, be utilised for increasing the width of each stripe N, and 
thus still further increase the width of the cloth without disturbing the sett 
or the general disposition of the various ornamental sections. 

It will thus be seen that designs of the nature of that exhibited in Fig. IG 
can be treated in different ways. In the^rst case, such designs may be 
woven on a loom in which the harne.ss is a straight tie covering the extent 
of one complete unit of the design, in which case, with a set of 9G threads 
per inch, GOO needles and ho(»ks would be in use ; Vf the second case, those 
stripes which rejieat themselves in any one unit can be reproduced by a 
number of needles and hooks which corresponds to the requirements for 
one such stripe only. • 

The former method may not appear so economical as the latter, inas- 
much as it requires the greater number of needles and hooks — one for each 
separate thread of the jiattern ; moreover, in some cases, it incurs more 
expense in designing, as well as in cards and card-cutting. Nevertheless 
it is, in general, preferred, since the tie-up is capable of being utilised for 
patterns of all kinds which come within the capacity of the number of 
needles employed. 
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is of an extra warp nature and f4 rming some type of ornament which is 
superimposed on the surface of a foundation cloth, the threads of which 
are operated by healds or shafts. 

Each of these groups covers an immense variety of fabrics and it often 
happens that, in order to simplify the working of the loom, the whole of 
the warp, both for the foundation cloth and for the warp figured stripe, is 
controlled from the jacquard. In examples of this kind, where all the 
threads pass through the mails of the harness, complications sometimes 
arise because the sett of the cloth in tlic pure ^ound portions is^wiarser 
than that in the hgiired stripe. When this occurs the sett of the harness 

in the comberboard* must be 
varied in accordance with that 
of the warj) in the different 
portions of the fabric, or else 
the sett all throilgh must be 
as high as that required for 
the figured strij)e, and the 
remainder cast out as re- 
quired. In other cases the 
nature of the ground weave, 
or perha j)s the character of the 
fabric, is such that the best 
results cannot be obtained 
by controjling the haVness 
exclusively l)y the ordinary 
jacquard, and it becomes de- 
sirable, if not imy)erative, to 
use shafts and harness in 
combination. When such a 
departure is ado])ted, the 
harness tie is generally some 
mocRfIbation of an all-over 
repeating tie, and the shafts are actuated either from a few spare hooks at 
each side of the jacquard, or independently by means of tapy)et or (lobby 
mechanism. If the fabric is to be woven by the jacquard alone, it is usual 
so to arrange the tie-up, as already stated, that any simple weave repeating 
on a small number — say, four threads and four picks -may be intro- 
duced into the ground stripes without affecting the figured portion of the 
cloth or changing the cards which control it. 

Fig. 17 illustrates a fabric of the type in which the figured strijie forms 
an integral part (jf the fabric. It is about five-eighths of an inch wide in 
the reed, and consists of 44 threads of two-fold mercerised cotton, with an 
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edging of four threads of artificial silk, §11 drawn three tl^reads per split. 
In the plain portion, however, which is made up of 44 t]ireads per inch of 
the two-fold mercerised cotton and woven ' ^ plain, alternate splits of the 
reed are left <pmpty, and the remaining ones contain three threaids each ; 
this arrangement of reeding the threads imparts a stripe-like character in 
the plain section not unlike reed-marking. The complete pattern 
contains three figured stripes, and thertjfore three plain stripes, but little 
more than, half of the re]*>eat appears in the illustration. 

No^Hon first sight itH^ould appear quite probable that the fabric had 
been woven with a combination mounting of harness and shafts, since 
shafts' undoubtedly conduce to better results in plain work than does the 
harness, and the plain- weave stripe in Fig. 17 is devoid of interlacing faults. 
A^ closer examination of the pattern, however, would probably lead to the 
conclusion that all the warp threads had been controlled by a jacquard. 
For instanc(?, there are three figured stripes in the complete pattern, dis- 
posed in three different planes, although the ornament in all the three 
stripes is the sartie.; hence, since each figured stripe contains 44 threads, the 
total number of figuring threads per pattern is 44 x 3 = 132 plus the artificial 
silk edging threads, four on each side, which are also controlled by the 
jacquard. If all the edging threads were controlled by 4 hooks, and the 
plain stripe neglected for the time being, there would be 4 + 132 = 136 
hooks required as a minimum. Consequently, unless some odd size of 
jacquard were used, a 200’s machine would be necessary for the reproduction 
of the pattern, approximately 70 hooks being idle. 

Suppose, on the other hand, that the threads of the plain stripe were 
also controlled by the jacquard, in tlie way illustrated by one repeat of the 
•j)attern in Fig. 18 plus 4 threads at the end. The solid black circles show 
where the edging threads appear. The arrangement is as under : 


4 edging threads 
44 threads for plain weave 


j operated by 


48 


hooks. 


4 edging threads 1 

44 threadi for figured Btri})e j 


operated by 48 hooks. 


This order is repeated for three times, but, although the plain part and 
the four edging threads in each section P, Fig. 18, are controlled by the 
same 48 needles and hooks, the four edging threads and the 44 figured 
threads in the section F^ differ from those in F^, and both differ from those 
in F^. Hence, one co\ild still employ a 200’s machine as under : 


48 hooks for one edging and plain threads thn*e times repeated per pattern, 

3 X 48 or 144 hooks for three }>lain edgings and three figured 8;trijx‘s, 

thus utilising 48 + 144 = 192 hooks out of a total of 208 hooks in an 8-row 
200’s machine. 





It has already been pointed 
out that the plain stripe is 
only half the sett of the 
figured stripe, eSO that alter- 
nate rows of the comber- 
board or harness reed would 
be empty as indicated in 
sections P, Fig. IB, provided 
th-tt the sett of thftatfjomber- 
•board throughout was equal 
to that required by the 
figuring stripes. 

For the above method of 
tying up. the hooks of the 
machine would ^require har- 
ness cords as follows for each 
repeat of the j)attcrn : 

Ilarnpsa 

Hooks. (’orda por 

llcpeat. 

1- 16- 16 idle or utilised 

for selvages, etc. 

17- 64 48 for edging and 

plain eloth ^ 3 
cords each - 144 
65-208- 14*4 for edging and 
ligun^d stripes 
x 1 cord each " 144 

208 288 

If the cloth were made to 
contain seven repeats, each 
hoc,Ie controlling the cords in 
sections P, Fig. 18, would 
require 21 cords, while each 
hook in the figuring sections, 
F^ F2, and F^, would have 
only 7 cords. 

We have already pointed 
out, in connection with Figs. 
13 and 14, the advantages 
which obtain when a jacquard 
machine is tied up to a number 
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' oC.itooks which is a multiple of 2, 4, 6, 8, etcjf and we have also jnentioned the 
■“ fact that when the figured patterns are separated by any l^nd of continuous 
" band, it is not absolutely essential that the number of threads in the weave 
should fee a measure of the number of hooks in use. The pattern illflstrated 
in Fig. 17 clearly belongs to that class in which* the relation between the 
threads in^the weave and the number of hooks is unimportant, since each 
of the three distinct patterns forms a band which effectively separates the 
others. Tl^e continuity oi the various weaves is therefore important only 
in the xry of the weft, b^t this is (independent of the number of hooks. 


Such being the case. 

the jiattern partly illustrated in ^ig. 17 could be 

produced qjiite easily if an ordinary 300’s jacquard be used in which the tie- 
up was of the straight-througl) repeating kind illustrated in Figs. 9 and 11, 
but, with sev(in rejieats instead of only three as illustrated in the above two 

figures. Thus : 


• 4 tlircads artificial silk for cdg(; 

44 

„ ])lain weave i* 

.4 

„ artificial silk for edg(5 

44 

„ figure weave 

4 

,, artificial silk for edge 

44 

„ })lain weave P 

4 

„ artificial silk for edge 

44 

„ figure weave 


„ artificial silk for edge 

44 

„ i)lain weav(‘ P 

4 

,, artifieaal silk for edge 

44 

„ figure weave F® 


288 threads, cords, and h(^ks for each pattern. 

The, two edges of the cloth, near the selvages, would be developed with 
about half a pattern of the ])lain-weave stripe. 

On page 26 we stated that fj^brics ornamented by jacquard-figured 
stripes were of two general ty])es — (a) those in which the stripes formed an 
integral part of the fabric ; and (b) those in which the stripe was of an 
♦extra warp nature and totmed ornament superimposed on a foundation 
cloth, the threads of which were operated by shafts. To that brief defini- 
tion should be added the words, “ or other suitable shedding mechanism.” 
The chief point? of differenca between the two types is that in the former 
the threads which form the jacquard-figured stri])e also help to build up 
the fabric proper, whereas in the latter type the stripe threads are used 
exclusively for the figure. 

In connection with Figs. 17 and 18 we discussed an example which might 
be Regarded as typical of the former class of stripe, but a discussion of any 
example of the latter type involves practically the whole question of extra 
Warp figuring by means of a jacquard or jacqua da independently of how 
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tlie ground w^rp may be contnlled. Further, it is sometimes difficult to 
differentiate bet^veen those examples of extra warp figuring where, on the 
one hand, the extra warp is utilised for figuring purposes pure and simple, 
and, on the other hand, where the warp is so controlled ^that the fabric 
produced becomes less or more compound in nature as an indirect result 
of the method of figuring and also of stitching the loose figuring threads 
when they are on the back of the fabric. As examples of this class of 
fabric we may mention the cloths which art known generally in the 
cotton trade as toiletings and toilers, an el 'borate exaini)le ' f which 
appears in Fig. 7. The variety in the stnr-ture of these fabrics forms a 

very fine gradation from what might 
4? ^ termed a true extra warp-figured 

' ^ Ittfe 'Wi ‘ virtually a dojjble 

1 ! I'SlHi • j i g ljW'- : liiJj plain, but non-re versible compound 
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cloth, in which the figuring is produced by tlfe Stitching together of the 
two fabrics. In the meantime, however, we shall confine our remarks to 
specimens of the former tyf)e, since the latter are usually produced by 
means of sj>ecial compound harness mountings, designed*to economise in 
the cost of designing and card-cutting. 

Figs. 19 and 20 show respectively the face and back views of a cotton 
tapestry fabric of a simple type in which the chief ornament is developed 
with extra warp threads. Tlie ground fabric is for the most part composed 
of the ' , plani weave, but relief is given to what would otherwise be a 
plain white surface by the introduction of green-coloured threads, and of floral 
ogee lines developed in ordinary white warp flush or float. A white satin 
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stripe, about one-quarter of an inch in wiAih, is sj^iuated centrally between 
eapn pair of ogee lines, but these white stripes are broken at regular intervals 
by extra warp spots developed in green, red, helio, pink, orange, and yellow 
threads. The^spots, which point to right and left alternately, are arranged 
in diamond form, or turned over drop order, and only one weft is used. The 
ground i)aitern repeats on 300 threads exactly ; the sett of the ground warp 
throughout is 96 threads per inch, and the repeat, therefore, measures 3J in. 
It would b» possible to operate part of the ground warp by shafts, but since 
the ogei^ .irnament necessifiites a jacquard, there would be little gained by 
adopting a compound arrangement ; hence the ground, warp would be 
controlled •by 300 hooks. The white satin stripe threads in the centre 
change the order of weaving to ’ i plain at those places where the coloured 
extra warj) threads appear on the surface ; this decrease in the length of 
float of the white threads enables the main figure to be developed more 
distinctly by the coloured threads. Each vertical line of extra warp spots 
consists of 80 threads — that is, 160 threads per repeat of the pattern. The 
order of warping 

1 thread figure | wht're green figuring threads only apjx'ar near the edges of 

2 threads ground \ the figure ; . 

1 thread figure f wh(‘re two colours of figuring threads appear in the same 

1 thread ground# [ fine. 

As will be observed from the back view in Fig. 20, the extra w^arp threads 
have teen stitchec^^or bound by the weft wherever possible — especially 
is this noticeable in the satin stripes — but near the tips of the leaves the 
extra warp has been permitted to float loosely betw^een successive spots. 
There are approximately 56 picks per inch, and the i)attern is complete on 
144 picks, or 24 in. 

Altogether 300 + 1 60, or 460 hooks, are required to control the warp 
threads ; if only one jacquard machine were to be used it would be of that 
capacity, or, say, a 500’s jacquard. The jacquard and harness would 
probably be mounted on tfle London or quarter-turn principle, and the first 
300 hooks tied up as a simple repeating tie, with a sufficient number of 
repeats to make up the width desired. The comberboard would be divided 
into two horizontal sections of 10 row^s each — the front section being 
utilised for the ground harness and warp, and the back section for the extra 
figuring warp, or vice versa, as is found to be most convenient. If, how^ever, 
only one jacquard is used as indicated above, both ground design and 
extra warp figure would require to be ])ainted on the separate parts of the 
design-paper, corresponding exactly with the ])ositions of the needles of 
the jacquard which are to be so employed. This would be necessary in 
order that the whole card might be cut in one continuous operation. And 
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further, onlyrone ground effect^— that one designed — could be used with 
a given figure, siace both would be cut on the same set of cards. 

Another, and perhaps a preferable, method of harness mounting would 
be to employ two 8-row- jacquards, one, say, of 300 hooks^ to control the 
ground warp threads, and the other, of 200 hooks, to operate the extra 
figuring- warp threads. Both machines would be mounted side ^y side on 
the London principle as mentioned above for the single machine of 500 
hooks, and the comberboard would also be similarly divided into two longi- 
tudinal sections, but of 8 rows each instead^ of 10 rows eacii, for the 
ground and figuring warps respectively. Since two jacquards are to be 
employed, it is necessary to use two sets of cards, but both s^ts may be 
cut from the same sheet of design-paper if desired, although many designers 
prefer to make two separate designs, especially where the two designs, are 
for machines of different capacities. If the former method is adopted, the 
ground pattern only is painted, and the card-cutter cuts the cards for the 
ground. After these cards have been cut, the extra Avarp figure is super- 
imposed in its correct position on the ground design, and a sej)arate set of 
cards are cut for this portion. Each set of cards must, of course, contain 
the same number of cards, or else be a measure or a multi])le of the other set, 
and naturally they must move in unison card by card. To ensure simul- 
taneous and accurate movements, it is usual to coujile up the cylinders of 
the two machines (this is done in different w'ays) so tliat b()th cylinders 
cannot fail to turn as one. With this method of mounting, either the ground 
pattern or the extra w^arp-figuring design may be chang(*d or modified with- 
out necessarily involving the recutting of the other set of cards. 

\\Tien extra \varp figures, such as that illustrated in Figs. 19 and 20, are 
produced by means of the London tie, in wdiich the front comberboard, say, 
is utilised for the foundation threads and the back comberboard for the 
extra figuring threads, the number of ImJes ])er inch in the two boards may 
be the same, although the requirements in the two sections of the cloth may 
vary. The number of holes per inch in the comberboard for the foundation 
cloth if all the holes are occupied, would correspond to the number of 
ground threads jier inch, and if in the extra w^arj) sections the threads w^ere 

arranged j thread foundation, , 

1 thread extra warj), 

the pitch of the back comberboard should be as fine as that of the front one. 
All the holes in the front comberboard would be filled and the harness cords 
in wmrk, but those in work in the back comberboard would corrcsj)ond only 
to the width of the longitudinal extra warj) strij)es in the cloth, although 
every hole may be provided with a harness cord. This arrangement permits 
of any width of stripe, and at any place in the width of the fabric, being 
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made ; any change in width or position ftould obviously necessitate the 
re-drawing in of the whole 
or part of the warp threads 
through the mails of the 
back or figuring comber - 
board. • 

The design -paper re- 
quired would depend upoif 
the raticy uf the threads per< 
inch to picks per inch, but 
the vertical Ruling would be 
fixed according to the num- 
ber of needles per short row 
in the machines. 

Cmtrc-fics . — As already 
mentioned, the centre- or 
pointed-tie is use(f for sym- 
metrical j)atterns, although 
many symmetrical patterns 
are woven by the straight- 
through tie arrangjiinent. The advantage which obtains in regard to the 
use of the centre- tie is that a much smaller number of needles and hooks 

are required; indeed, ap- 
proximately one-half of the 
number required for the 
production of the same 
design by the straight- 
through tie. 

Consider Fig. 21, which 
is a practical sketch for 
a figured fabric. With 
various degrees of modifi- 
cation, this sketch might 
be utilised for the produc- 
tion of designs which differ 
slightly in general form, 
but, of course, developed 
by the same types of orna- 
ment. There is one out- 
standing design, however, 
for which the sketch is 
suitable, and for which it is actually intended. That design is the one 
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exhibited in Fig, 22, which illustrates 
a complete pattern. 

A line drawn down the centre of 
Fig. 22 would yield two halves, each of 
which is the mirror image of the other. 
A horizontal line drawn through the 
centre would also divide the design 
into two haWes, w^hich .are almost the 
nfirror inlage of each ottrbr. The 
bottom ‘'left-hand quarter is identical 
with Fig. 21, and the dtsign could 
be made, if desired, perfectly sym- 
metrical about the above two lines. 

If a 272 -inch fabric were required 
with 96 threads per inch, and orna- 
mented as shown in Fig. 22, it is clear 
that a total of 272- ^ threads 

would be necessary. On the straight 
tie-up princi})le, and with the full- 
harness method of weaving, it would 
be essential to ^em])l()y jacquard 
machines with a total ca])^city of 2640 
needles and 2640 hooks, ilut if the 
centre-tie ))rinci]»le be adopted, one 
^machine with 1220 needles and 1320 
hooks would be sufficient for the 
puri)ose. 

Machines of such a high number 
of ».eedles and hooks have 16 needles 
and 16 hooks ])er sliort row, and the 
centre-tie for^such a machine is repre- 
sented in the siin])lest manner in 
Fig. 23, utilising only 1312 needles, or 
82 full rows of 16. These 1320-needle 
machines have actually a number of 
broken row’s (see the card in Fig. 105, 
p. 135). 

The first hook in the machine con- 
trols the first tliread in the back row of 
the comberboard, as well as the last 
thread in the back row, while the last 
hook (1312) of the jacquard is shown 
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as controlling two threads in the middle Ibf the front row the comber- 
board. Although two holes are shown, it is usual to h^ve only one cord 
and one thread in the middle, for if two were used as' indicated, there 
would be a “fiat” (two threads working as one) in the middle of the 
cloth. 

The n^gnificent example illustrated in Fig. 24 could be, and probably 
was, woven on the centre-tie 
principle. •The reproduc^on 
represe’hfs little more tiSiii 
one-half of a Paisley ])laid« 
in the jx)ssession of the 
author ; the middle of the 
plaid is indicated by the two 
small arrows near the to]) of 
the illustratiSn. The design 
abounds in detail which can 
only be seen in* the photo- 
graph by the aid of a lens. 

There are eight different 
colours (black, white, green, 
yellow, blue, heliotro])e, red, 
and dark jred) in the fabric, 
beautifully blended, and the 
whole forms a type gf texture 
which the Paisley designers 
and weavers of old have made 
world-famous. 

Immediately above the 
fringe, near the bottom of 
the plaid, is a series of figures / 
enclosed in different - sized 
rectangles. Near the to^ of 
the second rectangle from 
the left selvage are the letters 
JC, which nhght represent 
the initials of the designer ; while near the top of the second rectangle 
from the right selvage the two letters are reversed and appear thus — 
OL. This feature alone is practically sufficient to confirm the state- 
ment that the harness would be centre-tied and, as indicated in Fig. 24, 
immediately below the illustration of the plaid. In passing, it might be 
stated that whereas a Paisley shawl is usually 2 yards by 2 yards, a Paisley 
plaid is 4 yards by 2 yards. There are therefore i lOre than 4 square yards 



Fig. 24. 
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illustrated in ^ig. 24 ; hence the^lmpossibility of seeing the very fine detail. 
The designs illustrated in Figs. 22 and 24 are extensive ones, and each, is 
complete as demonstrated by one straight or single part up to the middle of 
the fabric, and then a similar but reversed half. As a matter of fact, the 
two designs mentioned are neither intended nor suitable for repetition. On 
the other hand, there are several designs of the centre-tied typ^ in which 
there is a plurality of complete ornaments between the selvages. 

Fig. 25 is a photographical reproduction of a^Tcversible double cloth in 
which the figure, a comparatively simple one, appears as a coarse j^ain jute 
cloth upon a flijer stri])ed plain cotton cloth. There are two repeats 
illustrated, but any number of units could be utilised in the looiu to make 
up the desired width of fabric. The cloth was actually woven in a 400’s 
full-harness jacquard, although the design is complete on 200 threads. The 
fabric could therefore have been woven in a 200’s jacquard, with the harness 
tied up on the repeating-tie principle, and as illustrated W the comber- 
board immediately above the cloth in Fig. 25. \Vith a very slight modi- 
fication in the weaves on the point-paper design the working design could 
have been made symmetrical, like the ornament, and hence the cloth could 
have been produced by a centre-tie on 100 hooks, as demonstrated by the 
comberboard diagram below the fabric. 

Wlien the designs are more or less extensive, as in Figs. 22 and 21, or 
even such as the one for Fig. 25, it is a distinct advantage from tl^e economic 
side to use the centre-tic ; but in .several cases there is a defective ])art in 
that longitudinal area bordering on the centre line, yiie em])loyment of 
certain weaves — e.g, that in Fig. 25 — does not introduce a defect, but these 
cases are more the exceptions than tfie rule. In other instances means can 
be taken to minimise the fault. We shall refer to this shortly. In sj)itc of 
the defects, the centre- or pointed-tie is usually em})loyed in whole or in part, 
where the ornament is similar in disposition to that in Figs. 22, 24, and 25. 

The true centre-tie. as exemplified in Fig. 23, is not always used for the 
type of design shown in Fig. 22, because such designs, as well as others of 
a modified form, can be produced more econofnically by means of one 
standard t} 7 >e of tie-up or mounting. Thus the reproduction of the 
damask napkin or serviette in Fig. 26 shows clearly that the design is 
perfectly symmetrical, and could therefore be re}>roduced fti a loom pro- 
vided with the true centre-tie harness shown in Fig. 23 by choosing a sett 
or width of cloth to suit. 

The fabric illustrated in Fig. 26 is typical in structure to those which 
are usually woven by means of jacquards of the self-twilling type — that is, 
twilling jacquards or Bessbrook jacquards — in which (;ach needle of the 
jacquard controls two or more of the hooks or uprights. Since the warp 
threads are lifted in pairs (if there are two hooks per needle) it follows that 
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the contoui^ of the ornament must be a little mor^ rugged than if the cloth 
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were woven by means of a full-harness jacquard. If the latter were 
employed for the sake of obtaining the best possible outline, a much larger 
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weight of card^ would be requirAi, unless some type of fine-pitch machine 
were used (see Figs. 99 to 107, for relative pitches of machines). In some 
of the twilling jacquards there are 3 or 4 hooks per needle, and 3 or 4 picks 
per card. But when each needle controls so many hooks, And each card 
serves for so many picks, the cloths have a considerable number of threads 
and picks per inch, and the defect in the outline of the pattern is 



Fig. 26 , 


not very noticeable ; indeed, it diminishes as the sett of the cloth 
increases. 

The cloth represented by Fig. 26 is approximately 24 in. wide and 
contains in all 1920 figuring threads. If the harness were of the straight- 
through tie kind, and there were two hooks per needle, the arrangement 
would be equivalent to 

, 1920 threads -r 2 hooks per needle = 960 needles. 
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Again, if the harness had been true ce#tre-tie^— i.e. t 3 rpgjal of that in 
Fjg. 23, then the number of needles required would have^been 

960-^2=480 needles for centre-tie. 

In practice, a twilling jacquard of 600 needles, with 2 hooks per needle, was 
used— th#t is, 1200 hooks in all— but the harness was not tied up on the 
centre-tie principle, but on one variety of a mixed tie. 



CHAPTER in 

THE .L4£?QUARD HARNESS : MIXED t)R COMPOUND TIES 

Mixed or Compound Ties . — Although the pattern in Fig. 20 could have 
been woven bv means of a true centre-tie harness, it was, as stated, actually 
produced in a loom mounted with a mixed or compound tie. A tie of this 
type is a combination of a straight-through tie and a centre-lie ; the two 
inner threads of the centre- tie are sufficiently far apart in the comber- 
board to admit of the whole of the straight-through tie being placed between 
them. 

Fig. 27 is a diagrammatic view of the actual comberboard arrangement 
which obtained in the loom in which the fabric illustrated in Fig. 20 was 
woven. The two outer quadrilaterals represent the centje-tied part, while 
the smaller or middle quadrilateral is the straight-through ])art 4 ; they are 
placed obliquely for the sake of clearness. As indicated above the diagram, 
the terms “ centre-tie ’* and “ straight-through tie ” aroioften distinguished 
by the terms “ double ” and “ single.” The holes in the boards are marked 
in four different ways, as shown by the particulars below the board. 

The photographical rejiroduction in Fig. 28 is that of another cloth 
which was woven in the same loom as the cloth in Fig. 2G. and also by means 
of the same tie-up as that represented in Fig. 27. It will be observed that, 
with the exception of a very narrow strip in the central part of Fig. 28, the 
pattern is symmetrical. Nevertheless, the narrow strip referred to makes it 
impossible to weave a cloth with this pattern by means of a true centre-tie. 
The narrow strip necessitates a corresponding width of single tie, but not 
necessarily as wide as the central part in Fig. 27. 

The pattern in Fig. 28 is, as stated above, almost perfectly symmetrical 
in design, measures just under 24 in. in width, and contains 1920 warp 
threads. Additional threads are added near each selvage, which brings up 
the total width to 26 in. To weave the above cloth, as w^ell as that in Fig. 
26, both of which were woven in the Textile Department of the Dundee 
Technical College and School of Art, a 600’8-needle jacquard of the self- 
twilling type was employed, in which each needle controlled two hooks. A 
figuring capacity of 1200 hooks was thus provided, but, since each needle 
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controlled two hooks, and therefore two^ontiguous threacjs of the warp, 
the outline' of the figure must necessarily move in step^J of two threads, 
although both threads are represented as one thread on the design-paper. 



Similarly, the pattern must move in steps of two picks of weft since each 
card was presented to the needles for two successive picks. In addition 
to these unavoidable defects in twilling jacquards, which, however, are not 
very pronounced in this fine sett, it may perhaps be observed from the 
reproduction that the threads on one side of verticvil straight lines are more.. 
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or less imperfectly bounc^, and hlkve a tendency to move away slightly from 
their proper positions in the cloth. 

The harness mounting employed to weave the cloths in Figs. 26 and 28 
was of the part>centred and part-straight-through single-tie order, as 
demonstrated in Fig. 27. * Of the whole 1200 hooks, the first 720 were tied- 
up centred, doubled, or turned over to produce the outside or sjde border 



Fig 28. 


portions, and the remaining 480 hooks tied-uj) all single, or with only one 
harness cord each for the central }K)rtion of the design. Since this jacquard 
(the back one in Fig. 10) has 24 hooks per short row from back to front, 30 
short rows would be required for the turned -over jmrtion and 20 rows for 
the single part, leaving one row of 24 hooks for side satins, etc. The 
comberboard or harness reed would necessarily have 24 holes in one row 
from back to front, as shown in Fig. 27, the succeeding rows being spaced 
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to give the required number of threads pef inch in the reed. • The different 
marks in Fig. 27 show where the various portions of the^ tie-up start and 
finish. The arrow in the right-hand quadrilateral points in the opposite 
way to that ii^Figs. 23 and 24, but in both cases the inference is that the 
draft is from front to back so far as the numerical order of the threads 
is concerned. • 

From a study of the design reproduced in Fig. 28, and as already stated, 
it will be evident that only a very small portion in the centre of the cloth 
is of an unsymmetrical na^ture, and therefore very few hooks and needles 
would have sufficed for its productiqp — considerably less than the 480 hooks 
and 240 needles which were actually used in this case. While this is quite 
true, it must also be understood that if the jacquard had been mounted 
straight in the central part with only that number of hooks which the 
unsymmetrical part of Fig. 28 demanded, the central portion of all other 
designs for the same loom would have been limited as a maximum to the 
same number. By tying up the harness as indicated in Fig. 27, the j acquard 
is capable of producing any design of the general style shown in Fig. 28, 
from those which are perfectly symmetrical as exemplified in Fig. 26, to 
those in which the central non-repeating or single part, Fig. 27, occupies 480 
threads. In the sett mider notice this would mean that a central pattern 
of any type of ornament could occupy practically 6 in. in width. 

^ 480 threads -7- 81 threads per inch^5|^ in. 

To arrange a harness tie of a similar scope on the full-harness system 
would require at least 720-^480, or 1200 hooks. With the standard 
British pitch, two GOO’s jacquards would be necessary, but one Continental 
jacquard of 1320 hooks capacity would be more than sufficient, and would 
be mutfh more economical than the two GOO’s machines in regard to cards, 
although not so economical in l^iis respect as one GOO’s self-twilling or 
common harness jacquard. The designing of the pattern for the latter 
machine would also be much simpler, and the cost much less than that for 
either of the other methods, although the resulting fabric and the outline 
of the figure are inferior to those which result from using the full-harness 
system. 

Continental 1320’s jacquards are usually composed of three sections of 
440 hooks each ; the whole machine contains 28 rows, each complete row 
consisting of 16 hooks. The first two rows and the last two rows of each 
section contain, hf)wevcr, only 14 hooks each, thus reducing what would 
otherwise be a 1314’s jacquard to a 1320’s, The omission of these four 
hooks at the beginning and at the end of each section takes place in the 
centre of the rows — i.e. the 8th and 9th hooks and needles — and it is 
essential that this should be the place, because tie card cylinder and the 



48 JAUi<^UAKL>S AJNU chap. 

cards are designed with the pegs And peg-holes respectively in these positions. 
Each section of the jacquard cylinder is thus complete in itself, since it is 
provided with its own pegs, but the cylinder is all in one piece, and the 
corresponding card, although made up of three sections, ris also in one 
piece. The very fact thht rows of hooks, and therefore of needles, are 
incomplete at intermediate points, has d tendency to make designing and 
card-cutting difficult if these broken rows are included in the harness tie; 
The simplest method of overcoming the difficulty is to use 8«row paper, 
since there are 16 needles and hooks per row : aifd, since there are 4 success- 
ive rows of 14 hqoks each — two rows at the end of one section and two rows 
at the beginning of the next section, or 56 hooks and needli^s in all — 
7 blocks of eight are used by the designer, and then ruled into 8 blocks of 
seven for the card-cutter. , 

In mounting such a machine, however, it is quite good policy to leave 
the first two and the last two incomplete rows for weaving sifivages, satins, 
and such-like parts of the cloth, which are independent of the pattern proper, 
and to mount the harness with the remaining 126-1 hooks.* 1320 hooks - 56 
for selvages, etc. = 1264 for the development of the ornament. When 
dividing this total number of hooks into tw^o sections in the approximate 
proportions of 3 and 2 for the double or turned -over mounting and the 
single mounting respectively, it must be remembered that these sections 
must each be a multiple of the twill to be employed — tJie 8-thread twill in 
this case — and also that each section should, if possible, be complete on 
full row^s of the jacquard. The former condition is es^ntial for the correct 
repetition of the ground w^eave, while the latter minimises any tendency to 
error on the part of the harness tier*or of the w^eaver. Both conditions are 
fulfilled if w^e select 760 hooks for the double mounting and 504 hooks for the 
single mounting. The machine w'ould therefore be arranged as follows : 

2 rows side satins, selvages, etc. • 2 x 14 -- 28 - 28 hooks 

[24 x16 = 384] 

48 „ double mounting . . . ^ 4 x14= 56 =760 „ 

[20x*l« = 320j 

[ 4 xl6= 64] 

32 „ single mounting . - 4 x 1 4 = 56 1 = 504 „ 

[24 x16 = 384] 

2 „ side satins, selvages, etc. . 2 x 14 = 28 - 28 „ 

n20 „ 

The ornamental part of the fabric is thus developed by 

760 hooks double mounting, i.e. 2 cords per hook = 1520 threads 

504 „ single „ i.e. 1 cord „ = 504 „ 

1264 „ 


2024 
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Hence 

2024 threads approximately 25 in. of cloth in aU for the figured 
81 threads per inch portion, 

while for the development of the unsymmetrical part of the figure, or rather 
for that p^rt allotted to the single tie, there are 504 threads, and therefore 


504 threads 
81 thretds per inch 


= 6?, in. of cloth. 


The side satins, selvages, htc., for which 56 hooks hafe been allotted, 
would be practically identical with those in Fig. 27, except that the threads 
for these parts, as well as for all the others, would be in a comberboard 
arr^ged for 16 per short row instead of 24. The arrangement of the 
double and single j)ortions would also be similar, although differing slightly 
in numbers. * 

The diagrammatic view of the comberboard above the design in Fig. 29, 
which is a different kind of design from the above, but arranged for the 
same kind of tie and the same numbers in each part, shows that the board 
would be divided into 8 sections : 3 sections at each side for the double 
part, and marked A, B, and C, and 2 sections in the middle for the single 
part, and marked y and E. 

With a f^ed number of threads per inch, the maximum width of cloth 
is obtained when the minimum number of hooks is used for the single part, 
and the maximum limit is therefore reached when the true centre- tie is 
employed, that is, when there is only (gie hook in the machine operating a 
•single harness cord, the rest, of course, operating two harness cords each. 
The minimum width of cloth results when the design is produced by means 
of the straight-through tie. Any width of cloth between these two extremes 
can be obtained with designs such^is that in Fig. 26. 

The harness tie above the design in Fig. 29 is for a cloth which is neither 
a maximum nor a minimiyn in width. The tie and the preceding particulars 
show clearly that there are 504 hooks set apart for the single, while the 
harness tie below the design indicates that there are one-half of the total 
number of hooks in the jacquard allotted for the single. The adoption 
of the lower harness tie would therefore result in a narrower fabric than 
obtains with the upper harness tie. Indeed, the arrangement would be 
as under : 
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2 rows side satins, selvageC^ etc. 
40 rows d6uble mounting . 

40 „ single mouniiiig 

2 „ side satins, selvages, etc. 


. 2 x14= 28= 28 hooks 

[24 x16 = 384] 

. - 4x14= 56} =632 „ 

1 12x16= 192 1 
[12x16 = 192] f 

. - 4x14= 56} = 632 „ 

, (24x16-384) 

2 x14= 28 = 28 *„ 


Then 


1320 . 


632 hooks double mounting, i.e. 2 cords per hook^ 1264 threads 
632 „ single „ i.e. 1 cord „ = 632 „ ' 


1264 „ 1896 „ 

I ^ 

as compared with 2024 figuring threads required by the uppe^ tie in Fig. 29. 
2024 - 1896 = 128 threads, or approximately 1| in. narrower cloth resulting 
from the lower tie as compared with the upper tie in the /same figure. The 
same width, 25 in., could of course be obtained by using a lower sett of 
cloth for the lower tie. 

The design in Fig. 30 is identical in ornament with that in Fig. 29, but 
black areas in one are represented by white areas in the other and xncc versa. 
The harness tie below the design in Fig. 30 illustrates tli3 minimum number 
of hooks and needles, and, of course, the maximum width of fabric which 
can be obtained in any given sett. The single part is the figure enclosed 
between the two vertical lines which pass through the design, and from it 
to the lower comberboard to denote the relative width B on the latter. 
The relative widths of the double part A and the single part B are 62 to 24 ; 
hence 

62 

1264 hooks x — = approximately 912 hoo^s for the double ])art A, and 
24 

1264 hooks x -- = aj)proximately 352 hooks for the single part B. 

86 • 

Altogether 912 -h 352 = 1264 hooks as before. 

Therefore, we have 

57 rows X 16 = 912 double x 2 cords per hook = 1824 threads 
22 „ X 16= 352 single x 1 cord „ „ = 352 „ 


„ 1264 hooks 2176 „ 

In the three tie-ups already considered with respect to Figs. 29 and 30, 
we have assumed a 1320’s jacquard of a fine pitch. Suppose, however, it 
were desired to make a fabric of the same width, but with a large number 
of threads per inch, say one that required 1800 hooks. Two fine-pitch 
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machines woul^, of course, be ample, biift for a change w^e shall assume 
that the British pitch is used. Here again, two ^OO’s jafquards would be 
sufficient, but instead of using these large British-pitch machines we shall 
utilise three ordinary 600’ s machines. 



Fig. 29. 


Three 600’s British-])! toll machines take ii}) a considerable width on the 
loom gantry or rails, and it is desirable that the harness cords should make 
as big an inside angle as possible wdth respe^ t to the comberboard. Hence, ' 
it is a common practice to arrange the three machines as indicated above 
the design in Fig. 30. No. 1 machine controls the harness cords and threads 
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on the outside?, i.e. towards the' owo selvages of the cloth. If this machine 
were placed on the extreme left, instead of as indicated, a very small angle 
would be made on one side of the loom between the harness cords and the 
comberboard. In the upper diagram in Fig. 30 it will b^ seen that the 



Fig 30. 

third machine is utilised for the single, and that this single part is greater 
than the minimum. If the cloth is exceedingly wide, it is often desirable 
. ' to introduce an extra 600’s jacquard, or four machines in all, so that the 
disposition of the four jacquards would be as represented in Fig. 31 . Indeed, 
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in order to make a perfect design of certain typep^on the fabric, it would be 
essential, as will be demonstrated shortly, to adopt the method illustrated 
in Fig. 31. In such cases, Nos. 1 and 4 appear on the outsides because each 
machine controls only those harness cords and threads near the selvage at 
the same end of the loom as the jacquard is situated. 

Bordejed designs of the type illustrated in Figs. 22, 24, 26, 28, 29, and 
30 are certainly elaborate, but whatever system of weaving is adopted, the 
particular type of harneAs mounting which is necessary for their repro- 
duction in cloth is comparatively simple. And, although the expense in 
designing, cards, and card-cufting for such fabrics is considerable in connec- 
tion with common harness weaving by twilling jacquard looms, it is very 
much more increased, as shown on p. 67, when the fabrics are produced by 
the^ full-harness or brocade method of weaving. Consequently, the above- 
mentioned patterns, especially when applied to wide cloths, are developed 
by specialise!! forms of weaving, such as the self -twilling jacquard in the 
fine linen damask industry, the compound jacquard and multiple movable 
comberboards in Ihe Scotch carpet industry, the similar combination in the 
quilt industry, and other combinations for somewhat similar fabrics, for 


N'l 

N°2 

1 

N®3 

N'=^2 

N°4 

• 






Fig. 31. 


which the cost of designing and card-cutting and the number of cards 
required are reduced to a minimum. ,For such work it is not uncommon 
to find extensive patterns of the type indicated made in several different 
widths. 

On the other hand, the greatest economy prevails when the width of the 
cloth in bordered fabrics is obtained by repetition of one or more parts of 
the ornament, chiefly the filling or field of the cloth. Perhaps the com- 
monest form in this respect is where a comparatively bold border, centre- 
tied, is accompanied by some simple ornament in the field or filling of which 
several repeats are introduced usually on the repeating-tie principle, but 
occasionally on the centre-tied principle. 

Consider, for example, the illustration in Fig. 32, the upper part of 
which represents approximately one-half of a lace curtain. There are 
different ways of arranging the harness for the production of such a texture, 
but for the purpose of illustrating the above-mentioned principle in regard to 
bordered designs, we have introduced a diagram of a comberboard arrange- 
ment below the lace design. It is assunit^d, for demonstration purposes 
only, that the pattern is to be developed by means of one 600’s jacquard ; 
400 needles and hooks, or two-thirds of the machine, are utilised for the 
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border or doubie part, anfl 200 needles and hooks for the repeating part in 
the filling or field/ Two repeats of the latter are illustrated, but it is evident 
that if, for any reason, it were required to make a wider curtain with the 
same 600’s jacquard, it could be done by inserting one or more extra units 
of the filling repeat ; all these repeats, however many were introduced, 
could be controlled by needles and hooks 401 to 600 inclusive. • 

It is not difficult to see that the harness for the filling or field part of the 

design could be tied up on the 
centre-tie principle, in which 
case 100 hooks would be suffi- 
cient for that section of the 
cloth, or 500 hooks in all 
instead of 600 as illustrated. 

At first sight it looks as if 
an even further reduction 
could be made, because the 
greater part of the side border 
is symmetrical about the ver- 
tical division indicated by the 
short arrows at the top of the 
design. It^will be seen, how- 
ever, that the coryer figure is 
not symmetrical about the 
above veitical division, and 
hence no reduction in the 
number of needles and hooks 
can be made in the border. 

A photograjdiical reproduc- 
tion of a car})et is shown in 
Fig. 133. Such carpets may 
1)6 myde in what are called 
“ squares,” that is, woven full 
width in the loom, but the one 
illustrated suggests that it has been made in comj)aratively narrow widths, 
say 27 in. wide, and then these narrow widths arc sewn together. Moreover, 
the widths are probably equal to the divisions in the upper comberboard 
diagram, all the sections of which are the same size. 

The four sections of cloth indicated, e.g. the left-hand border, the two 
repeats of the field, and the right-hand border, >vere probably woven at 
different times with a straight-through tie-up equal in width to any one of 
the sections. Indeed, if the carpet happened to be a Brussels or Wilton 
ml^ke, the various widths would be woven separately in a loom similar to 
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that illustratqji in Fig. 34. A'’/ery interesting feature about this loom is 
that the original, is a perfect model on a small scale of a Brussels or Wilton 
carpet jacquard, and that all the wood patterns were made, and the loom 
erected for exhibition by a Dundee carpet weaver nam^4 John Grant. 
The result is a splendid tribute to patience and skill. 



Fig. 34. 


The three sets of cards shown near the top of the machine in Fig. 34 
are required for one 27-in. width of carpet, say the left-hand border repre- 
sented by the comberboard above the fabric in Fig. 33. A different group 
of three sets of cards would be required for the right-hand border ; while 
a further group of three sets of cards would be used for the two central 
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widths. If a carpet were required for a^ider room, onejor more extra 
widths could be woven with the third group of cairdk, and t^jese extra widths, 
which would be identical with the two central widths, would be introduced 
between the t\^o side borders to make up the desired width. The place of 
introduction of the corner pieces and the cross bdrder would be determined 
by the len^h of the carpet. The loom in Fig. 34 will be referred to again 
in connection with the cutting of cards for such looms. 

There i% a second comberboard diagram below the main illustration 
in Fig. 33. If for demonstration purposes we suppose that the design is to 
be developed for a brocade orordinary full-harness loom w^ can utilise any 
. kind of tie-up. It will be noticed from the lower comberboard diagram 
that til l pattern or design lends itself to a great reduction in the number 
of needles and hooks as compared with the straight-through method of 
mounting.; indeed, the diagram shows that there may be three distinct 
sections arrailged with centre-ties. It might not be advisable, however, to 
adopt such a method of mounting in practice, for it will be well known that 
if such a course were followed, all designs woven in that particular loom 
would require to be similar in symmetry to that illustrated. Nevertheless, 
with the tie-up illustrated, and with a 1200’s jacquard, either of the two 
following arrangements could be used : 

Part A. Part B. Part 0. 

Arrangemenf I. . . 624 384 192 =1200 

Arratigemcnt II. . . 600 400 200 =1200 

and each part would be centre-tied as indicated in the lower diagram in 
Fig. 33. 

Fig, 35 is an elaborate sketch for a very fine linen damask intended to 
be woven by three 600’s twilling or Bessbrook jacquards, or 1800 hooks in 
all, each needle to control two hooks. This method of weaving is somewhat 
similar to that obtaining in “ pressure-harness ” weaving. Most, although 
not quite all, of the design which is necessary for transference to design 
or point-paper is shown in this sketch. The parts were intended to be 
allocated to the three machines A, B, and C, but in the positions indicated 
by these letters immediately below the sketch. The two parts B and A 
are centre-tied or double, but the part C is single. Consequently, there 
would be five sections in the complete cloth, as well as in the comberboard ; 
the tie-up is really identical with that illustrated in the upper comber- 
board diagram in Fig. 30. Since there are two hooks per needle in each 
jacquard, it follows that there would be 

600 hooks X 2 cords x 5 sections = 6000 figuring threads in the cloth. 

The total number of hooks in the three machines is 3600, and these 
are equivalent to six ordinary 600’s jacquards, or nine ordinary 400’s 
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jacquards, or^bheir equivalent^ for the full-harness or brocade method of 
weaving. 

The sketch in Fig. 35, besides being marked B, A, and C for the three 
600’s twilling jacquards and for 3600 warp threads, or three-fifths of the 
total 6000 figuring threads, is also marked D, E, and F on the left to repre- 
sent three similar sections in the direction of the weft. If there were no 
repetitions in the different parts of the working sketch in Fig. 35, nine 
sheets of 600-by-600 design-paper, or 600 by some other suitable number, 
would, as will be seen, be necessary for the card-cutter. The corresponding 
nine squares in Fig. 35 have not been marked by horizontal and vertical 
lines, but they are represented by the undermentioned combinations of 
intercepting letters : 

BD| 

BE -first three vertical squares controlh'd by machine B. 

bfI ‘ 

AD I 

AE ' second „ „ „ ,. * A. 

af] 

Ci)j 

CE -third „ „ „ „ 

cfJ 

Fig. 36 represents diagrammatically the above nine*squares, as well as 
the remaining six on the right which would be obtained by the duplication 
of the harness for the two j)arts B and A. The ornament in the two sets of 
vertical squares on the right would, of course, be reversed, as is indicated 
by the changed effect of the letters. This sketch shows at once the difficul- 
ties met with in regard to the introduction of letters and words. 

The lower diagram in Fig. 36 represents the j)lan of the comberboard, 
the arrow heads being marked in thre^ different ways to distinguish the 
relation between the three distinct parts. 

The three squares in each vertical group in Fi^ 35 are quite different in 
regard to the sectional designs which they embrace, but it will be observed 
that the square in Fig, 35, corresponding to the square marked CD in Fig. 
36, is practically identical with that square in Fig. 35 which corresponds to 
the square denoted by BF in Fig. 36, provided that the square immediately 
above C in Fig. 35 be turned 90 degrees clockwise and thus j)laced in the 
position of that square immediately to the right of F (see also Fig. 36). 
Then what represents warp in CD may represent weft in BF and vice versUy 
and the altered position of the former square would place it in the correct 
position for the latter square. 

A section of the. design in the cross border (say CD in the horizontal 
direction of the design) controlled by one machine, say C, can be utilised 
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for a section in the side border (say BF in the vertical dii^ction of the 
design) and controlled by a different machine, say if, when tfie design-paper 
is ruled the same in both directions, thus, V2-hy-V2, lO-by-10, or any other 
suitable numbcB according to the kind of jacquerds which happen to be 
employed. But if the ruling of the design-paper* in the vertical direction 
differs from, the ruling in the horizontal direction, a special sheet of design- 
paper would have to be prepared for each, although the ornament in the two 
sections wasddentical in form, but differing in direction, as is emphasised 
by the above two squares in Fig. 35, represented in Fig. 30 by the two 
squares CD and BF. Hence, ‘under the most favourable.conditions, the 
design in Fig. 35 would require eight large sheets of 50-by-50 large blocks in 
each direction, or 600-by-000 small squares ; while nine similar large sheets 
of 50-by-50 large blocks would be essential if the ruling of the paper in the 
two directions were dif- 
ferent. The rifling of each 
large block for a 600’s 
machine may be 12-by-r2, ^ 

]2-by-13, 12-by-14, 12-by- 
15, 12-by-16, or r2-by-18, 
depending upon the excess ^ 
of weft required over the 
amount of warp. When 
any of these conditions, ^ 
other than the 12-1^-12, 
obtain, the cloth is said to 
be overshotted. 

When an ornamental 
sketch, such as that illus- 
trated in Fig. 35, has been prepi^red as the subject to be reproduced 
on cloth, it is often desirable, and sometimes necessary, to make altera- 
tions in order that the sketch may be more suitable or practicable 
for re])roduction than it was in its original state. Perhaps the chief 
cause for alteration is that for changing the sketch in detail so that 
the point-paper design may suit a loom which is already mounted with 
a particular harness tie. This demand for a change in proportion will be 
met mostly by commission designers, and not often by those who are 
in more direct touch with the factory requirements. Again, the recon- 
struction of certain parts is often suggested and carried out with the 
object of improving the general effect. This was done with the medal- 
lion in section CF, Figs. 35 and 36, as is enq liasised by the corresponding 
portion of the design which occupies the central part of the complete design 
illustrated in Fig. 37. Thus, while the general treatment of the outer circle 
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of Tibbons, chain, and medals & the same in both cases, the introduction of 
the visor in th^ upper ^art of the ornament with the lower section over- 
lapping the garter made it essential to change the order or position of the 
words in the motto “ Honi soit qui mal y pense ” as denK)nstrated. The 
central figure of the design will, of course, be recognised as the portrait of 
the late King Edward VIL, and the delineation of the Royal Sovereign, as 
well as all the ornament which surrounds it, comes out beautifully in the 
cloth, of which Fig. 37 is a facsimile. • 

This particular illustration is a reproduction from a fine linen damask 
tablecloth, and, such twilling jacquard designs are almost invariably made 
with more picks per inch than threads per inch or overshotted, in order to 
show up the figure. If 12-by-18 paper were used, and two picks per card 
adopted, it is evident that the cloth would be 50 per cent overshottec^. It 
so happens, however, that the point-paper design for this cloth was made 
on I2-by-12 paper, and hence to obtain the same relation of flicks to threads 
— Le. 50 per cent more picks per inch than threads per inch — three picks 
for each card had to be inserted during the process* of weaving. The 
effect on the cloth, as already stated, is splendid, but an even better 
effect would clearly have resulted if the design had been made on 
12-by-18 paper with two picks per card, for then the steps on the contour 
of the ornament would have been in two of war^ and two of weft, 
whereas the method adopted resulted in steps of two in the warp and three 
in the weft. 

The letters B, A, and C in the first three sections of the design in Fig. 37 
correspond to the similar letters in Figs. 35 and 36, while the comberboard 
or harness reed arrangement in the fatter figure, and the forward and reverse 
positions of the letters, emphasise the similar relations in Fig. 37. It will 
be noticed, however, that the letters D, E, and F in Figs. 35 and 36, which 
represent the length of the sheets of Resign -paper, do not appear in Fig. 
37, but that the weft for the complete design in the latter is represented 
in the vertical direction by the sections G, H, and G. The two sections G 
show that the design in these parts is the same but oppositely directed, and 
therefore the cards for the lower section G can be utilised for the upper 
section G, provided that they are made to rotate in the forward direction 
for one section and in the backward direction for the other section ; on the 
other hand, there is no repetition of the ornament in the central section 
marked H. In the actual process of weaving, the cards for section H, those 
for the upper section G, and those for part or half of the plain or simple 
twill portion between two successive cloths, would work in the forward 
direction, and would be reversed to weave the remaining half of the plain 
part between the cloths and the lower section G. Finally, it would be 
necessary to turn back the cards by hand, or to reel them back, until those 
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cards for section H are opposite the needlei^ when the cycle of operations 
would be repeated. ** ^ 

The diagrammatic view in Fig. 38 will ex])lain this operation. Here 
two complete cloths and part of a third are exhibited, and the short arrows 
indicate the centre of the plain or simple twill pkrt which separates suc- 
cessive cloths, and where the fabric would be cut in the finishing depart- 
ment or in l}he warehouse to detach the individual cloths. Similar letters 
to those in Fjgs. 35 to 37 are used, and the two additional letters, L and M, 
indicate respectively the start and the finish of the cycle in regard to the 
manipulation of the cards. Tljis particular place L of starting the cycle is 
advantageous in all weaving operations where cross-borders are necessary, 
and the method is probably more valuable in connection with the measure- 
ment of towels or cloths developed by simple 
wea\^es, than with those with artistic elaboration, 
for since both oross-borders — the finish of one cloth ^ 
and the commencement of the next — are woven at ^ 
the beginning of the cycle or measurement, it is 
evident that, in the case of simple weaves, the cycle ^ 
may finish exactly when the tape, cord, or chain 
measurement reaches the point M, and thus all the q 
cloths should be of equal length. The same 
accuracy could onlyfif at all, be achieved with great G 
difiiculty if l^e cycle started and finished at the 
actual beginning and end of each cloth, n 

We might now with advantage point out one 
or two objections to the free use of obtain types G 
of ornament displayed in Fig. 37, keeping in mind 
the fact that the objectionable features could be 
overcome only by a considerable increase in the 
expense of production, and in this*discussion the design in Fig. 37 shall 
be compared with other designs which are of a pure floral character. 
Thus, Fig. 39 illustrates the working sketch of a design, while Fig. 40 
shows what the design would be like when developed on the cloth; 
again. Fig. 41 is a similar working sketch to that in Fig. 39, but with a 
different subject for ornamentation. Both designs could be placed on 
point-paper for the same harness mounting to three machines as that 
which was ado])ted in the loom in which the cloth for Fig. 37 was 
woven. 

The duplication of approximately two-thirds of the working design in 
Fig. 39 by the harness tie, and by the reversal < i about the same proportion 
of the jacquard cards, introduces neither objectionable features nor faults 
in the complete design in Fig. 40 ; and if the working sketch in Fig. 41 were 
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completed in a similar way, ike result would be just as perfect as that in 
Fig. 40. This can easily be proved by placing the edge of a mirror along- 


Fig. 39. 



Fig. 40 



side the right-hand edge of the sketch, and then along the top edge, or 

by pli^cing a right-angled 
mirror along the two edges ; 
the latter will show the 
effect of the double rever- 
sal of the harness tie and 
cards respectively. One 
cannot say the same for 
the corresponding treat- 
ment of the sketch in Fig. 
35, and a close examination 
of the complete design in 
Fig. 37 will be sufficient to 
prove this statement. No 
faults are observable in 
Fig. 35 ; it is only when 
the duplication in the 
reverse order by the har- 
ness tie and by the cards 
takes place, as exempli- 
fied in Fig. 37, that the defects appear so distinctly. 

The most glaring defect in Fig. 37 is the ornament which represents the 



Fig. 41. 
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monogram at J and at K ; in both cases the arrangement of the letters 
E R has been reversed, somewhat as illustrated by similar combiiiations 
in Pig. 36 ; the result is, therefore, quite wrong. The combination in the 
reversed order would have been even worse if the Roman numerals VII., 
which appear in Fig. 35, had not been omitted imFig. 37. 

Again, while the design of the Royal Arms is correct in two corners of 
the design, the effect in the other corners is wropg, because the ornament is 
not symmetrical about a diagonal line from the corner. The reason why 
the design of the Royal Arms in the upper right-hand corner is correct is 
because the equivalent of a doqble mirror image has taken ylace ; the first 
mirror image reverses all parts, while the succeeding image of this reversed 
order yields the original ornament. 

It will thus be seen that, when any distinct order of the component parts 
of an*unsymmetrical section of a design has to be maintained, that section 
should not be operated by centre- tied harness, but should be under the 
control of what is known technically as “ single harness,” t.g. a part 
similar to that letb^red C in Fig. 37. It will be evident that even in this 
part it would be necessary to cut a new set of cards for the upper mono- 
gram. The only way of securing the correct positions of the letters at K 
would be by allocating the harness cords for that part of the design to 
another jacquard machine, as demonstrated in Fig. 31 ; and the same 
remark applies to ♦he procedure which would be essential to obtain a 
facsimile of Ihe Royal Arms on the right-hand side. This operation, in 
turn, would necessitate a new set of cards for the upper right-hand delinea- 
tion of the Royal Arms, and hence it might be said that such a design as 
that illustrated in Fig. 37 could be mad® perfect only by the use of separate 
needles, hooks, and harness cords for the five sections, and therefore, in 
the same sett, by the employment of five jacquard machines, and a number 
of cards which correspond to the length of the design. If this equipment 
were adopted, the various twills c5uld be inserted and reproduced in the 
cloth without any change in direction— a condition which is impossible to 
achieve in connection with the usual centre-tied harness ; but it is obvious 
that, unless in very rare circumstances, such a procedure would be pro- 
hibitive. It will now be clear why the mottoes “ Honi soit qui mal y 
pense ” and “ Dieu et mon droit ” have been omitted from the Royal 
Arms in the four corners of the design in Fig. 37, and from the sketch in 
Fig. 35. 

As a matter of fact, it is usual to reduce the width of the single tie to a 
minimum in order that the most may be obtained from a minimum number 
of needles and liooks of the jacquards. To d< inonstrate this we shall refer 
again to Figs. 35 and 37. The motto on the two designs is arranged con- 
centric with the circles of the garter, but if we place the lettering in straight 
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planes their dispositions are Equivalent to the following. In Eig. 36 it 
appears as * « 

* Honi Soit Qui Mai y Pense. 

In Fig. 37 it appears in two parts as 

Honi Soit Qui Mai 
y Pense. 

If the only reason for changing the arrangement from thal^ in Fig. 35 to 
that ill Fig. 37 were that of allowing the lower part of the visor in 37 to 
overlajj the garter, it is evident that the ptyt “ Honi Soit Qui ” in Fig. 35 
might have been moved counter-clockwise, and that “ Mai y Pense ” might 
have been moved clockwise to create the necessary gap for the bottom part 
of the visor in the centre, and thus obtain an almost perfect division of the 
words in the motto. It is equally evident that such an arrangement would 
have increased the number of needles and hooks which it would be necessary 

to employ in connection with 
the single tie for the develop- 
ment of this increased width of 
unsymmetrical ornament. On 
the other hand, the arrange- 
ment adopted in Fig. 37 actually 
decreases tlffe width represented 
by the motto in ‘Fig. 35, and 
hence decreases the number of needles and hooks for the single tie. Con- 
sequently, instead of employing one complete GOO’s jacquard for the 
single tie, as demonstrated in Fig. 66, and as suggested by the letters C in 
Figs. 35 and 37, a much smaller number of needles and hooks were used 
in practice, and Fig. 42 illustrates the method of achieving the result in 
Fig. 37 by reducing the single tie to the lowest number of needles 
and hooks. Indeed, it is quite possible that a harness mounting was 
already in use on a loom, and that the modification of the sketch was made 
* to suit the existing mounting. 

The upper rectangle in Fig. 42 shows the comberboard or harness-reed 
arrangement for three GOO’s machines, while the lower rectangle shows the 
equivalent arrangement foi two 900’s machines. The letters B, A, and C 
under the upper comberboard or harness-reed diagram refer again to the 
parts of the harness controlled by the three different jacquards, while the 
lower similar diagram shows that one 900’s machine takes all B and part of 
A, while the other 900’s machine takes the remainder of A and all C. The 
narrow strips at the ends of both diagrams indicate the single- weave or 
“ satin ” stripes between the tape-edges of the cloth and the beginning and 
finish (left- and right-hand edges) of the ornament displayed in Fig. 37. 
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, If 72 needlQ 3 are utilised for the ‘satin s'bripes or strips, as these parts 
are technically called, the harness-tie arrangement for the two methods 
illustrated in Fig. 42 would be as tabulated below : 


1st Method f 
600 needles and 1200 hooks for double 


J 72 „ 

» 144 „ 

„ satin 

1528. „ 

„ 1056 „ 


/180 „ 

„ 360 „ 

»» 

\ 420 „ 

„ 840 „ 

single 

1800 

• 

3600 



2nd Method 


9(K) ncedl(!8 

and 1800 hooks for double 

72 „ 

» 144 „ 

„ satin 

408 „ 

„ 816 „ 

„ 

420 „ 

„ 840 „ 

single 

fsoo 

3600 



The cloth was woven in what is known in Dundee and the East of 
Scotland as a 55-portcr reed, with 3 threads per split, equal to an 82i-porter 
reed, with 2 threads per split. Therefore, if 77 in. reed width were required 
for a 72 in. finished cloth, termed an eight-quarter cloth, and written 8/4 
cloth, there would be 

55x20x3x77 ^^^^ threads. 

37 

55-porter 3’s, or 82 ^-porter 2’s, is equivalent to ll^^sett (eleven hundreds) 
on 37 in. scale. For full particulars on setting, see the author’s work on 
Healds and Reeds for Weaving : Setts and Porters. This sett represents 89' 
threads per inch in the reed. • 

With either of the above harness mountings there are 1308 needles and 
double the number of hooks for the double or centre-tied part of the orna- 
ment, and 420 needles and double this number of hooks for the single or 
straight part of the ornament. Hence, we have 

2 (1308 x 2) = 5232 
1 (420 x 2) = 840 

6072 

.-.6868 threads - 6072 threads = 796 threads to be utilised for the satin strips and for 
the tape-edges and selvage threads of the cloth. 

The tape-edges and the outer selvage threads are operated by the spare 
rows of the jacquards ; some of these needles and hooks — in addition to 

F 
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the 72 mentioned specifically in" this case — are usually utilised for the above- 
mentioned satii^ strips. ' 


6868 threads 
72 in. finished cloth 


= 95 to 96 threads per inch in the cloth. 


The number of cards can be calculated from the design in Fig. 37 by 
comparing the lengths of the parts G, H, and G, with B, A, 6r C : each 
of the latter represents, in this example, 600 vertical rows of small squares. 
(These vertical rows of small squares are often called ‘‘ cords ” by designers.) 
Each i)art B, A, or C measures 43 units (millimetres in photograph), and 
part G measures 57 units. Therefore, since the design-paper was 12-by-r2, 
it follows that 

600x57 ^ r ^ 

— — — = 800 cards approximately for G ; r 


while part H, being 104 units in length, should contain approximately 
600 X 104 


43 


- = 1451, say 1450 cards. 


The cards for part G would be used twice in each cloth as explained ; 
hence the number of picks of weft in the figured portion of the cloth is 
(800 + 1 450 -h 800) 3 picks per card = 9150; 
and, since this section of the cloth occupies 66 in., it will be seen that there 
are 

66 ~ picks (approximately) per inch in the finished cloth. 

A number of uncut cards would be used to weave the required length 
of simple “ satin ” between successive figured portions, this length being 
utilised for the end of one cloth, the beginning of the next, and the part 
allowed for hemming both ends after the cloths are separated. See Fig. 38. 

The allocation of the number of needles for the single and the double 
parts can be made by a similar calculation. Thus, in Fig. 37 we have 


Distance from edge of figure to end of single part . . = 124 units 

Width of single part 30 „ 


And, since the double and single parts combined contain 1800-72 = 1728 
needles, we have 

30 

1728 X j^=418, say 420 needles, 

because 

420 needles i 

=35 complete rows for single part. 

12 needles per row 
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And this is the arrangement shown in Fig. 42, th(^. upper paft of which is 
exhibited below in a different manner : • 

Machine B. Machine A. Machine C. 

600 . 72 528 . , 180 + 420 . 

' ' Single 

Double part for ornament and part, 

satin strips. 

In order to demonstrate the difficulties which would be encountered in 
arranging a harness mount to produce an absolutely perfect rej)resentation 
of all parts of the ornament en the cloth, and to compare the various 
methods explained in the foregoing discussion, we append particulars of 
the number of jacquard machines, needles, hooks, and cards required for the 
four distinct ways of mounting and 'weaving. 


• 

Harness Mount arul Type of 
Weaving 

No. ot 
Miuhlncs 
(KXi’s. 

Needles. 

Hooks. 

('ard.s for Figure Portion only. 

By actual m(5thod 

1 o 

1800 

3600 j 

2250 for each machine, or 

adopted in common 


6750 in all. 

harness 

For perfect reproduction 

1 

1 5 

3000 

1 

6000 1 

3050 for each machine, or 

in common harness 

1 


15,250 in all. 

For similar effect to Fi/^ 

1 « 

3600 

3600 1 

6750 for each machine, or 

37 in full harness 

40,500 in all. 

For perfect reiffoduction 

! *0 

6000 

6000 1 

9150 for each machine, or 

in full harness 

91,500 in all. 


If there are 1 4 cards per pound for flie 600’s machines, ordinary pitch, 
it is evident that the weight of cards for the latter method would be 


91,500 

14 


= 6536 lb.%, or nearly 3 tons, 


and the cost, say only at 4d. per pound, amounts to 

6536x4 , ^ 

— = nearly £109. 

240 

The reason for the word “ impracticable,” apart altogether from the 
consideration of the mounting of the machines and harness, is therefore 
quite apparent. The designs illustrated in Figs. 39 and 41 are intended 
to be woven by the aid of three 600’s twilling jacquard machines, and Fig. 
43 illustrates a weaver at work with a loom mounted with three such 
machines and weaving a fine wide linen damask. It will be observed that 
the three distinct sets of cards (one set for each machine) occupy a position 
At the front of the loom and over the weaver’s head. In Fig. 44, however, 
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which illustrates a sonpewhat similar three-machine loom, the cards are 
at the back of® the loom and above the warp threads. We shall have 
occasion to refer later to these two methods of accommodating the cards, 
and to deal exhaustively with them. 



Fig. 43. 


As a final illustration referring to this particular class of work, we intro- 
duce Fig. 45, which is a view of the back of a wide loom mounted with four 
600 ’b twilling jacquard machines. Altogether there are 4800 hooks 
employed, and the illustration shows very well the directions which several 
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of the harness cords take from several of these iiooks to th« harness reed 



Fig. 44. 


or comberboard, and their vertical directioxi from the latter to the mails 
through which the warp threads pase on their way to the cloth. 

We have already stated that the simplest conditions obtain in the 
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harness mounting when the number of hooks and needles used for the 
development of jany particular portion of a design is a multiple not only of 
the number of short rows in the jacquard, but also of the number of threads 
in the weave which it is intended to use. This does not imply that it is 
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impossible for other numbers to obtain ; as a matter of fact, many different 
values are used, each of which involves the use of a certain number of 
complete rows plus a part of a row. It is a more common practice to use 
a number of needles and hooks which is not a multiple of the number of. 
hooks in a short row of the jacquard, than it is to use a number which is 
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not a multiple of the number of threads in the v, .3ave, and, occasionally a 
number of hooks is used which is neither a mullSple of ^e weave nor of 
the number of hooks in a short row. 

In very fine work the addition of one or two squares in the length of 
the float is comparatively unimportant, but in coarser goods the same 
addition to the normal length of float may prove disastrous. Except under 
very special circumstances, the twill in one side border is opposite in 
direction tc the same twill in the opposite side border, while in many 
fabrics the direction of the twill is reversed in other parts of the cloth — 
parts in which this alteration*in the direction of the weave appears more 
pronounced, and is thus calculated to injure the appearance of the fabric 
more than when confined 
solely to the borders. 

When such conditions 
obtain it iS possible 
slightly to minimise the 
defect by paying attention 
to the way in which the 
oppositely directed twills 
join. In order to em- 
phasise this fact we have 
prepared Fi^. 46, which 
represents in the solid 
portions in the two outer 
blocks of each design the 
ordinary eight -thread 
lateen weave, starting in 
each case on the same 
thread ; the middle blocks, shown^in crosses, are composed of the same 
weave, but in each of the eight designs the centre weave commences on a 
different thread, and of course twills in the opposite direction to that 
shown in solid marks. The maximum float or floats will be found 
between two dissimilar marks. By inspection we find the following : 


Design Letter. 

Weave in Solids 
coniiuences on 

Weave in Crosses 
cominenees on 

Maximum Lengtii 
of Float. 

Piek Noa. which 
contain Max. Float. 

A 

Ist thread 

Int thread 

14 

3 and 6 

B 

99 

2nd „ 

13 

C „ 8 

C 

If 

3rd „ 

12 

5 „ 0 

D 


4th ,, 

11 

2 6 

E 


5th ,, 

10 

2 „ 6 

F 


6th „ 

11 

3 7 

G" 

99 

7th „ 

12 

3 4 

H 

99 

8th „ 

13 

1 3 
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If, therefore, jthe choice of the least imperfect joining involve no serious 
difficulties in the mounting and in subsequent work, it is certainly an 
advantage to consider this particular phase of the question. Although a 
haphazard joining is scarcely perceptible in fine work, we prefer to illustrate 
the method of choosing the best point in connection with a mounting which 
is intended for such work — ^the principle being, of course, applicable more 
or less to all setts. Before doing this, however, we propose to illustrate one 
or two points which bear not only upon this question, but upon the method 
of duplication. The great advantage which accompanies the centre-tie 
or doubling of the harness is that of keepifig the number of needles at a 
minimum, and consequently of obtaining the desired pattern with a com- 
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paratively small outlay in the cost of cards. Otherwise, all such duplica- 
tion affects in a greater or less degree the beauty of the fabric, and to obtain 
the nearest approach to perfection in the joining, or in a subtle manner 
partially to hide the joining, is one of the aims of the designer, and often 
demands considerable skill. 

Fig. 47 shows practically two repeats in the way of the weft, as well as 
complete units of the border and filling of a geometrical and floral design 
tor full-harness weaving. The two parts marked A and A^ are operated 
from the same hooks and needles ; but one part, A^, is doubled over in the 
harness in the usual way to form a centre-tie on a small number of hooks ; 
part B is the central or'main portion of the border ; C is the filling or repeat ; 
while D is a strip of simple satin inserted between the two chief portions of 
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tlie design. The geometrical or key pattern is aim .^st continiyous, and thus 
effectively separates the two triangular parts of each repeat of the border. 
Whenever such conditions obtain — ^that is, whenever the figured portion 
of the border is unbroken — the ground twills may be satisfactorily inserted 
as indicated by the diagonal lines in the lower half of the design. In this 
way all the ground part of the border on the right of the key pattern, as 
well as the simple satin stripes and the ground of the repeat portions, may 
be developed with a twill running to the right. The doubled-over portion 
on the left, marked A, naturally twills in the opposite direction, to the left, 
and the remainder of the groifnd on the left of the key pattern must also 
twill to left. The right-hand twill should, of course, join perfectly at the 
vertical lines between B and A^, between A^ and D, and also between D 
and C ; but it may proceed towards the key pattern without regard to the 
method of joining up to the central part of the border. From the very 
nature of the iSe it will be evident that the twill in the left-hand border will 
be oppositely directed to that in the corresponding part of the right-hand 
border, and there ts bound to be a fault somewhere near the latter border. 
The break or joining part in this case may be made between the last thread 
of the last repeat and the first thread of the simple satin stripe, or between 
the last thread of the simple satin and the first thread (left-hand thread) of 
the right border. The latter method would probably be the better, and if 
adopted the two simple satin portions would be tied up in the straight- 
through repeating order. Let us suppose that two 600’s machines are 
desirable for the successful development of the above design. The widths 
of the various sections show that the following arrangement would be 
satisfactory : * 


1st Machine, for Borders. 

• 

2nd Machine, for the Repeating Part and 
the Simple Satin Parts. 

2 hooks idle. 


2 

,, plain. 

12 hooks idle. 

8 

twill. 

24 ,, for simple satin parts. 

132 

,, double for outside borders. 

576 „ for repeat. 

468 

, , single for central parts of 


borders. 


612 


612 


Each simple satin portion D would contain about 180 threads, but if 
both stripes are made to occupy identically the same number — and this 
almost invariably happens — it will be fount! that the joining near the right 
border will be imperfect, and indeed identical with the arrangement shown 
at A, Fig. 46. If, however, 184 cords — i,e. 184 -r- 8 =23 repeats of the 
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weave — be tyed up for the left-hand stripe, and 180 cords, or 180-r8=22 
repeats plus 4 cvords, beHied up for the right-hand stripe, the joining will be 

ABC D E F G 



G H J K b 



Fig. 48. 


more perfect. Figs. 48 and 49 have been prepared to show how the various 
sections will join if the following order is adoyited : 


40 threads for tape, selvages, ete.. 

niark(‘(l A and 11 (1() shown 

132 

„ outside border 


12 


468 

.. inside „ 

„ 1) E F 

32 

4 

132 

outside „ 

• (j 

12 


184 

simj)U* satin 

H 

8 


.3456 

., six re|K?at8 

„ d 

32 


180 

„ simple satin • 

K 

4 


132 

,, outside border 

.. b 

12 


468 

„ inside „ 

„ M N 0 

32 


132 

„ outside „ 

» y 

12 


40 

5364 

„ tajie, selvages, etc.^ 

Q and R 

10 



AND 

B 


600 600 
NEEDLES NEEDLES 
MACHINE SMCMACHINE 


Fig. 49. 


'Q 

AND 

R 


This number of threads for a damask 11 \ in. wide in the reed would 
require a 64 porter 2 per split, or between 69 and 70 threads per inch in 
the reed, and about 74 threads per inch finished. 

Parts E and N in Fig. 48 are intended to represent the geometrical 
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pattern B in the border in Fig. 47, and the distinct! /e weave ijiarks indicate 
where the various sections join so far as the weave is concesned — the blocks 
do not represent rows of the jacquard. The four shaded threads at K 
represent the ones which are omitted purposely to improve the effect at the 
joining between K and L ; it will be seen that the longest float is 10, and 
the joining is relatively the same as that shown at E, Fig. 46. 

If the cloth for Fig. 47 were required to be developed with 5-thread 
weaves, and according to the arrangement indicated with reference to 
Fig. 49, the following arrangement would be suitable : 


2 threads plain .... 

1 

16 

„ twill .... 

> A and B 

HO 

„ simple satin 

I 

IHO 

„ outside border . 

. C 

470 

„ inside „ 

. DEF 

130 

„ outside „ 

. G 

180 

,. simple satin 

. H 

3450 

„ six rejHiats of 575 . 

. .T 

182 

„ simple satin 

. K 

130 

„ outside border . 

. L 

470 

„ inside „ 

. MNO 

130 

„ outside „ 

. P 

30 

„ simple satin 

1 

16 

„ twill .... 

Q and R 

f 

„ plain .... 

) 

5368 




By introducing 182 threads instead of 180 in part K a better joining is 
effected between the simple satin stripe K and the outer border L, the 
maximum float being six. 

Fig. 50 illustrates the mounting of the jacquards for the design shown 
in Fig. 47. Each section is lettered immediately below the comberboard 
or harness reed to correspond with the similar sections in Fig. 49, and the 
first and last harness cords only in each section have been drawn between 
the neck cords and the comberboard. The harness cords for. the plain and 
twilled threads of each selvage are not shown in the drawing, but these 
may be tied up to the last ten hooks of the first row of the jacquard on 
the left of Fig. 50 and as indicated in the particulars referring to the alloca- 
tion of the hooks in the first machine, or, if desirable, the first machine 
may control the harness cords for the left-hand selvage, and the last ten 
hooks of the first row or the last ten hooka of the last row of the second 
machine may control the harness cords for the plain and twilled threads in 
the right-hand selvage. The whole of Jbhe simple satin in parts B, H, K, 
and Q is controlled by the two rows of 24 hooks in the second machine ; 
the use of two full rows, or three repeats of the weave, obviates the necessity 
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for cramming the harness reed or the comberboard at these portions, but 
it naturally dinjinishes \;he figuring capacity of the machine, which is used, 



in this case, for the development of the filling or repeating part of the 
design. In Fig. 50 we have inserted the framework of both jacquards in 
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order to show the relative positions of the yark/as parts. Although the 
tie-up is for a full harness, we have introduced *the bacjc framework of 
twilling jacquards : this for two reasons — first, because it shows the 
maximum width required for two fiOO’s machines with 3 in. between them ; 
and second, because most ordinary 600’s machines are only about 4 in. 
narrower than the twilling jacquards, while some ordinary machines, 
especially those with swinging cylinders, occupy approximately the same 
width as these illustrated. It will be seen that S is the framework at the 
back of the machine, or front of the loom in this case, T the spring-boxes, 
U the swan-necks, V the griffs or knives, and W the stools which support 
the jacquards, and which are themselves supported by long girders not 
shown. The bottoms of the hooks are at X ; from this point to the point 
of connection with the harness cords represents the neck-cords, near the' 
ends of which is situated the heck-box. 

The complete border design, as well as the complete unit of the repeat- 
ing part of the design, appears in the upper portion of Fig. 47, but, although 
this represents mftre than is actually required by the draughtsman who 
transfers the sketch to point-paper, it is usual to make at least one and a 
half repeats in the way of the weft of the complete border, and also a 
similar proportion of repeats of the filling in the way of the warp and of 
the weft. Such an arrangement enables one better to judge the merits 
and defects of a design, and for this reason sketches for textile work are 
often displayed as illustrated in Fig, 51. This design is of the same nature 
as the one which has just been considered — i.e. the two outer portions of 
the border are obtained by doubling the harness, the central part of the 
border by a straight-through tie, and*the filling by repeating the unit as 
many times as it is necessary to make up the desired width of cloth. The 
dimensions of this design are as follows : 

Left-hand outer border * . . • 2 in. ) 

Inner border 6 »» i i^* 

Right-hand outer border . . , 2^*^ „ J 

Filling or repeat .... 8 „ 

If two machines were utilised for this cloth, one for the border and one 
for the filling, each straight part of the design — i.e. without doubling — 
would require 75 hooks per inch of pattern ; thus 

75 hooks or needles x 2 in. 164 hooks for outer border, 

75 „ „ x5jjfin. = 436 „ inner „ 

600 ’ ooks. 

75 hooks or needles x 8 in. = 600 hooks for repeat. 

If desired, the same method of twilling as that described in connection 




figure overlaps the other as is the case in Fig. 51. When, however, the 
various figures in the repeat do not overlap, little or no difficulty is experi- 
enced with regard to the floral sections, and the only defect may be that 
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caused by the unsatisfactory joining of the twills as emphasised with respect 
to Figs. 47, 48, and 49. The complete ornament ia the repeat portion of 
the design in Fig. 51 includes a small turnover of all three leaves, and one 
of these turnover parts in each figure overlaps as shown where the dotted 
vertical line AB cuts the points. Now, it is quite evident that if the two 
extreme edges of the repeat or filling finished with the tips of these leaves, 
we should have alternate and almost complete figures in the way of the 
weft joining up to the border on both sides ; but we should also have the 
tips of the next vertical row of figures joining up to the border. These tips 
have been omitted near the border in the design, but on the l^ft-side border 
they would appear at points C. The omission of the tips would simplify 
the subsequent operations considerably, although it may detract from the 
beauty of the ornament. If the tips D were left out, the complete design 
would* be identical with that on the left of the vertical line AB, except for 
the two tips which appear at present on the left of this dotted line. 

A slight modification is possible without seriously affecting the tie-up 
— namely, by leavii>g out the tips in one horizontal row and retaining them 
in the other, a method which would still allow the figures to overlap in the 
main portions of the filling. Thus, if the tips on the left of the figures in 
the odd horizontal rows were omitted, the repeating design would join up 
to the left-hand border exactly as illustrated. The tips on the right of 
the figures in the evdli horizontal rows would remain, and would appear in 
all the figuresf in those rows except in those which formed the last vertical 
row joining up to the right-hand border. In order to make this joining 
correspond with the almost perfect joining on the left, it would be neces- 
sary to omit the harness cords in thtf last repeat in that part which 
develops the tips — i.e. for about three-quarters of an inch in the 8-in. repeat, 
or 75 X I in. = 56 cords, or 7 repeats of the weave. 

The complete figures could be retained, if desired, on both sides, but only 
by the addition of 112 cords to the !)order parts, 56 of these to be utilised 
for the special purpose of operating the extreme narrow section adjoining 
the left border, where the tips, which would otherwise appear at C, would 
be omitted from the design, and the remaining 56 cords for operating a 
similar number of threads on the right ; it would also be necessary, when 
tying up for the repeats, to omit a corresponding number of harness cords 
at the beginning of the first repeat, and a similar number at the end of the 
last repeat to make up for those which are introduced specially for the 
purpose of securing a perfect design on the cloth. It need hardly be 
mentioned that provisions of this kind involve more labour, more hooks, 
more designing, and more care than are required for the reproduction of 
practically the same design in which the joinings are not so carefully con- 
sidered. It is only on special occasions that precautions are taken to 
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eliminate these incomplete portions of a figure from the first and last repeats 
of the filling design. ^ 

The method of producing borders by doubling over a certain number 
of harness cords, and retaining a larger number of cords for a straight tie, 
as exemplified in the last two examples, is a favourite one in several branches 
of the textile industry, and it is certain that such a procedure enables the 
designer to make good use of the number of hooks and needles at his disposal 
with almost negligible defects in the resulting fabric. Xhe economic 
utilisation of the hooks and needles may be carried still further, and, 
although for Qbvious reasons one can never expect to employ the great 
variety which obtains in connection with shaft or leaf work, there is con- 
siderable scope for ornamentation without increasing sensibly the number 
of needles at one’s command. Take, for example, the design and tie-up 
illustrated in Fig. 52, an example of what is technically known as a lift- 
in ” pattern, because the central part C of the outer or v/ider border is, 
as it were, lifted in, or at least reproduced, to form the inner border F. 
The narrow extreme part B is doubled over to form part-D ; then the whole, 
except the simple satin part E, is doubled over to obtain the complete 
combined border H, K, L, and M on the right. The simple satin part E is 
operated from the second machine on the left, while the simple satin part J 
is operated from the first machine. A and N naturally represent the selvages 
and the narrow strips near the selvages, only the sateen parts of which are 
shown in the tie-up ; part N is often developed by hooks on fhe right hand 
of the first machine instead of by hooks on the left, as illustrated. The 
filling is represented by two repeats G only, although more repeats may 
be necessary according to the typ^ and width of cloth which it is intended 
to produce with this ornamentation developed on it — in the case under 
notice six repeats would be essential. Such designs as this are often 
intended for table decoration, and the cloths are so constructed that the 
central part from about the middle of E to the middle of J lies upon the 
table, while the remainder hangs over the sides. 

The positions of the machines differ from the preceding example, 
inasmuch as the border machine is in this case on the right ; this is done, 
as previously mentioned in connection with three machines, to obtain the 
most satisfactory disposition of the cords with respect to the angles formed 
by the cords with the harness reed, and to keep most of the doubled-over 
portion clear of the repeating part. The proportions of the design, if 
arranged for two full-harness machines, as illustrated, require the following 
number of hooks for each : 
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Fiest Machine 

4 hooks twil] or tape. 

8 „ simple satin. 

196 „ double border. 

404 „ single border and lift-in. 

.612 


Second Machine 

4 hooks twill or tape. 

8 „ simple satin. 

600 „ for 6 repeats (2 only shown). 

612 


196 -r 12 = 16 rows -f 4 hooks for doublcd-over part, 

404 -r 12 = 33 „ + 8 „ single and lift-in, - 

600 -r 12 = 50 „ for repeating portion. 

In Fig. 52^ the front rows in the harhess reed in these portions are 
represented by 16, 34, and 50 cords respectively, while the warping arrange- 
ment for a finished cloth 72 in. wide is as follows : 



Marked. 

Ojicrated by Needles 
and Iluoks. 

Machine. 

2 threads plain .... 


Special needles 

2 

16 


twill .... 

A 

1 to 4 

2 

48 

>> 

simple satin . 

A 

6 to 12 

2 

196 


double border 

B 

13 to 208 

1 

404 


single ,, . . 

C 

209 to 612 

1 

196 


double „ . . 

I) 

208 to 13 

1 

192 

♦ J 

simple satin . 

E 

5 to 12 

2 

404 


lift-in .... 

F 

209 612 

1 

3600 


six repeats . 

G 

13 to 612 ^ 

2 

404 


lift-in .... 

H 

612 to 209 

1 

192 


simple satin . 

J 

5 to 12 

1 

196 


double border 

K 

13 to 208 

1 

404 


single „ . . 

L 

612 to 209 

1 

196 


double „ 

M 

208 to 13 

1 

48 


simple satin . 

N 

12 to 5 

1 

16 


twill .... 

N 

4 to 1 

1 

2 

- 

plain .... 


Special needles 


6516 threads 





6516 

=90| threads per inch finished ; 


and approximately 


6516 

"tT 


= 84| threads per inch in the reed 


= 52® porter reed. 


Following the plan adopted in Fig. 48 with regard to the joinings of the 
various parts in Fig. 47, we illustrate at Fig. 53 the similar plan for Fig. 52. 
Here, again, the letters correspond to similar parts in both. The first three 
rows of designs represent all the sections from selvage toeelvage, the middle 
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row showing the six repeats G between the two F and IJ of the lift-in 
portions. The bottom row shows an alternative niethod f«r the repeating 
part. From A to the end of F, and from H to N, the maximum lengths of 
floats are : 


10 betwoon 

R(‘(;tionH C and 1) 

10 

K „ F 

14 „ 

„ F „ a 

10 

H „ J 

10 „ 

„ K „ L 

10 

FI „ Gi 

11 ». 

Hi 


Hence, if the design for the repeating part — i.e, that for the second machine 
— be twilled as shown at G^, a less defective joining would result ; and 
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although this may not be the usual method of starting the veave, there 
appears no reason why it should not be adopted in certain cases if less 
imperfect junctions obtain. Although the principle suggested above would 
effect an improvement as compared with haphazard joinings, and may be 
necessary in comparatively coarse setts, it is often neglected in fine work, 
simply because a float of even 14 may not be unsightly. It is, of course, 
understood that 8-thread weaves are seldom used in coarse setts, the 
6-thread weaves being almost invariably employed. The same principle, 
however, obtains ; but we have not consider od it necessary to introduce 
other examples. The maximum float in all similar cases will be found to be 
2n “ 2, where n is 4he number of threads in the unit weave. 
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The principle of improving the junction of the central part of a design 
and the right-hand border or doubled-over section of the harness is appli- 
cable without much additional trouble to all stripe designs which contain a 

comparatively large number 
of threads in the simple satin 
stripe. It may also be em- 
})loyed in connection with 
those full - harness designs 
which do not possess a satin 
stripe, but in these cases it 
is more difficult to arrange, 
and perhaps not worth the 
trouble, since the majority 
of these cloths arc in fine 
setts wheP3, as already 
stated, a float of 14 is not 
particularly obj ectionable. 
Sup])ose, however, it were 
necessary for some reason to 
kee]) the float at a minimum 
in such a design, the follow- 
ing wduld be one method of 
meeting the difficulty : If the design were made in the 'ordinary way, 
and four threads drop])ed at the junction, the effect would be equivalent 
to withdrawing the narrow strij)e marked A in the sim])le sketch in Fig. 54, 
in which case there would obviously be an imperfection in the cloth. 
Circles have been drawn 
purposely to show up this 
defect clearly, for there is 
perhaps no kind of ornament 
which is more difficult to 
reproduce in cloth than 
that of a perfect circle. If, 
therefore, as mentioned, the 
4 threads were dropped or 
omitted, as was found 
feasible in the satin stripes, 
it is evident that two of the large circles and a small circle of the right- 
hand border would present flat sides to the adjoining part of the design, 
and also that two tips of the star would be out of line with their stems. 
If, however, the small section at A be drawn and painted at the right-hand 
side of the central portion B, the joining of the weavife would present a 




Fig. 54 . 
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minimum float, and tlie pattern itself would be i^ontinuous and perfect 
except in so far as concerned irregularities which mighf occur in con- 
sequence of incorrect numbers of picks per inch with respect to the 
number of threads j)er inch. The j)erfect reproduction would then be as 
illustrated by the half-design in Fig. 55. Suppose, for example, that 1200 
needles and hooks were utilised for a pattern of similar proportions to 
those illustrated in Fig. 54. We should have 

720 needl(‘s for borders, 

480 • „ centre, • 

which would give 

720 threads for left-hand border, 

480 „ e,(‘ntre, 

720 „ right-hand border. 

® 1920 

And the small j)ari*of the patt-eni which has been omitted from the right- 
hand border in consequence of dropping four cords from this section would 
have to be introduced on to the central design, in order to make the pattern 
continuous, as in Fig. 55, and thus use the same number of threads. 

Another, and cerjainly simpler, method of arriving at a similar result 
would be to double all the 720 threads over to the right, and then make the 
central design on 476 needles or 48-1 needles, and in both cases a minimum 
float would be obtained. 

Although such a method is practicable and ap])lied without much diffi- 
culty to patterns in which the central part is not repeated, it is scarcely 
practicable in those designs where two or more re})eats of the filling are 
required, unless the design is of a nature somew^hat similar to that illustrated 
in Fig. 51 ; but in all such cases a« the latter the result would scarcely 
justify the means employed to secure it. 

For twilling jacquard work the same number of threads would have to 
be dropped, but the number of needles involved would natufally depend 
upon the number of hooks w^hich each needle controlled. Thus, if each 
needle controlled two hooks, and the weave was the 8-thread sateen, two 
needles more or less than some multiple of four would be a satisfactory 
number to use. 

The uj)per part of Fig. 56 is a plan of the harness reed for the design 
illustrated in Fig. 52, while the lower part, which shows part of a table T, 
indicates where the different parts of the ornament wmuld appear w^hen the 
damask cloth in Fig. 52 was laid on the table. The chief defect in the 
arrangement of the threads in the harness reed is the fact that the large 
number of threads in the simple satin stripes F and J have to be crammed 
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into 8 rows of the harness reed on account of tho employment of only 8 
hooks for this portion. With the method of tying-up as* illustrated, the 
defect is irremediable, but if all the plain and twill threads in both selvages 
be operated by special needles and hooks outside the control of the cards, 
as is often done, two rows of needles and hooks — the first row in both 
machines, or other suitable rows, that is, 24 hooks in all — could be used, 
in which case no cramming in the simple satin stripes would be necessary. 
It is evident, however, that there is an objectionable feature in both cases, 
and the choice of one or other method depends upon those in charge of the 
mounting. A much better mbthod would naturally obtain if two rows 
from each machine could be employed for this purpose ; with this arrange- 
ment the left-hand satin could be worked from one machine, and the right- 
hand satin from the other machine. And, if even only two rows from one 
of the machines be used for both stripes, there will be three repeats of the 
weave in the fJWo rows. In the latter case the repeating pattern would 
probably be designed on 588 needles instead of on GOO. The left-hand 
side of the harness reed in Fig. 56 is complete, but the right-hand side 
contains only the first and last cords in each section. 

In all the cases illustrated, and in all similar cases, the only jiarts which 
need be transferred to the design-paper for the use of the card-cutter are 
complete units of the^ outer and inner borders for one machine, and one unit 
of the repeating part for the other, with, of course, corner-pieces and cross- 
borders if the cloth is intended to have a border on all sides. 

Fig. 57, which is a similar design, and one in which complete units appear 
for the two machines, will illustrate this^phase sufficiently. A is the outer 
border, B the inner border, and C is the repeating part. When the cloth is 
woven, part A will appear on both sides of B, but in reverse directions, A 
being doubled over, the three sections thus producing a complete border'. 
The duplication of the whole of this border is essential for the border at the 
other side of the cloth. It will be noticed that the central portion B of 
this design is unsuitable for a “ lift-in ” such as is illustrated in Fig. 52, 
because the two tulips near the top of the design would be broken if this 
part were detached from the two outer sections A. When the two parts A 
and B have been transferred to point-paper, painted in, and the weaves 
introduced, the work is ready for the card-cutter. Part C is prepared in 
the same way on a separate sheet of design-paper, because it is to be cut on 
cards for the second machine. 

The designs illustrated in Figs. 47, 51, 52, and 57 are all intended for 
full-harness work, where, for wide cloths in fine setts, it is necessary to intro- 
duce a number of repeats into the filling. When twilling jacquards are 
used, rarely less than double the width of pattern is obtained as compared 
Wth full or brocade harness for a given number of needles. For cloths of 
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this type (sec Fig. 37) the combined borders invariably occupy a greater 
width than the 'centre or filling of the cloth, and nearly all the wide figures 
in fine setts are woven by the aid of these j acquards. Consid er, for example, 
the artistic heraldic design illustrated in Fig. 58. This was designed by Mr. 
Philip R. Paul, formerly of Dundee Technical College, and later of the Royal 
School of Art, South Kensington, and is intended for a table napkin. To 
weave this in a reasonably fine sett, say from 70 to 80 threads per inch 
finished and 27 in. wide, would require in the full or brocade harness 
jacquard about 1050 needles and hooks, or approximately two 600’s 
machines, and ‘this for a comparatively narrow fabric. And to reproduce 
this pattern successfully it is essential that the full-harness method of weav- 
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ing should be used, for the straight-lined ornament which adds so much 
beauty and contrast to the other elegant parts of the design can be re- 
produced only, with any degree of success, by this method. We have 
already come across difficulties in the joining of weaves even in the full 
harness, but the difficulties to be met in the reproduction of such line work 
are increased considerably and are really insurmountable in the method 
of weaving which is common to all twilling jacquards. The dark, light, 
and grey portions of the armoured knight and his steed and pennant, as 
well as the motto, “ Absque labore nihil,” can be successfully repro- 
duced by the twilling jacquard, and, if the border were any form of 
ornament other than that of horizontal and vertical lines, the whqje 
pattern could be woven with one 600’s twilling jacquard, with two hooks 
per needle arranged as follows : 
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72 needles idle. 

480 „ double, operating 960 hooks = l^i20 threads.* 

60 „ single, „ 120 „ - 120 


2040 threads. 


Or, as arranged in a previous example of tliis work (see Fig. 29), make the 
single portion a little v/ider so that it could be utilised not only for the design 



Fig. 58. 


under notice, but also for others where the extreme central figure happened 
to be larger. Indeed, it is an excellent plan to utilise all the needles in the 
machine by leaving the maximum number of hooks for the comparatively 
narrow unsymmetrical part, and employing fewer hooks and needles for the 
doubled-over portion. Thus, in those similar designs which are illustrated 
in Figs. 26 and 28, 360 needles are used for the double portion and 240 
needles for the single portion, giving approximately the same number of 
threads and sett, with no increase in the number and size of the card. The 
advantage of employing one machine instead of two is small compared with 
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the advantage obtained with respect to the cost in cards. If the design 
paper be 12-by-J 6, and Uwo picks inserted for each card, the total number of 
cards will be 


and 


480 needles x 16 
12 

60 needles x 16 


= 640 cards to work forward and backward for the sy in metrical part, 


12 


- = 80 cards to work forward only for the iinsynimetrical part, 


720 cards irresj^eetive of thos(‘ reqiiin'd for that ])art which is to 
be h(‘mmed. , 


720 cards at 14 cards per pound and 4d. }M‘r pound 


720 X 4 
14 })cr ]K)und 


- 206 iu*nee nearly ; 


whilst the corresponding values for the full harness would be four times 
as much : thus 


960 needles and hooks X 10 , 1 r i i i r 1 j 

± 1280 cards for each inachnu' to work forwaid and 

backward for the symmetrical ])art, 

ICO cards for each machine to work forward only for 

the unsymiiK^trical part, 


1440 

— i.e. 1440 cards for each machine, or 2880 cards in all. 


2880x 4 
14 pc‘r pound 


= 823 pence n(‘arly. 


In addition to the extra attention demanded, and t-o the extra expense 
in cards and one extra machine, there is at least four times the expense 
incurred in transferring the sketch to pojpt-jiaper. It is for these important 
reasons that twilling jacquards, in spite of their defects, are used for weaving 
those cloths upon which elaborate designs are developed. 

Designs such as those already dealt with, elaborate though they be, 
require only what may be considered as comparatively simple methods of 
harness ties, involving as they do the simple repeating tie, the centre-tie, 
or a more or less extended combination of the two. Except in special cases, 
and then only for very narrow portions, the sett of the fabric is the same 
throughout, and the threads in the fabric, as well as the vertical rows of 
small blocks on the design-paper, form successively a perfect continuation 
of the design. This is typical of practically all damasks— silk, wool, cotton, 
linen, and jute — and of nearly all kinds of fabrics in which a single series of 
threads forms both the ground and the figure of the texture. And, under 
certain conditions, the production of many types of tapestries and other 
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decorative fabrics may proceed according to arrangement based on 
somewhat similar lines. ’ 

Consider, for example, Fig. 59, which is a photographical reproduction 
of a fancy tapestry fabric developed by several colours of warp yarn. This 
fabric may be woven in a loom provided with one jacquard and mounted 
with a simple repeating tie. The full width of the pattern is 8 | in., and as 
there are 160 threads per inch, it follows that 1340 hooks and needles, 
independent? of those required for the selvages, will be necessary. Sections 
A and B are formed with one series of warp threads, but of different colours, 
whereas sections C and D arc fohned by two distinct series of^varp threads — 
one series being utilised for the ground and the other series for the floral, 
curved, and straight-lined parts wliich are developed with diverse coloured 
warp yarns on the plain ground. The ground part in sections C and D, 
however, contains only 53 J threads per inch, the remainder, or 107 1 threads 
per inch, appearing as extra warp threads, as shown by Fig. 60, which 
represents the back of the fabric. Now, although this cloth may be re- 
produced in the loom arranged with an ordinary repeating tie, it is evident 
that with this arrangement some difficulties would be met in the pre- 
paration of the point-paper design — difficulties which have already been 
discussed in Chapter II. 

Parts A are developed with the 8 -thread sateen in single warp and 
triple weft as illustrated at G, Fig. 61 ; hence, if some arrangement could 
be found to operate these threads independently of the jacquard, a con- 
siderable saving in the number of hooks, needles, and cards would be 
effected. These parts A, Fig. 59, occupy 2| in. of the pattern, and require 
460 threads ; therefore, if this number be deducted from the total number 
of threads in the pattern, it will be found that an 880’8 jacquard would be 
ample : 1340 - 460 = 880 needles and hooks. 

Somewhat similar conditions obtain in the pattern illustrated in Fig. 62, 
which represents anoth er multi-coloured and extra- warp tapestry. Although 
this pattern is not so elaborate as that shown in Figs. 59 and 60, its pro- 
duction would probably involve more trouble, unless the cloth were woven 
with a simple repeating tie. The total width of the pattern in the cloth 
illustrated in Fig. 62 is 6.^*2 in., and the various parts indicated by letters 
immediately under the design are made up for one repeat as shown in 
the table on page 94. 


[Table 
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Parts. 

t 

Units of A of 
an Inch. 

Sateen Weave : 
Number of Threads. 

Tiszure Weave : 
Number of Threads. 

o 

A 

7 

42 

- 

B 

23 


140 

A 

7 

42 


C 

5 


30 

A 

14 

84 


1) 

5 


30 

A 

28 

108 


E 

12 


GO 

A 

11 

00 


F 

14 


84 

A ^ 

11 

GO , 


E 

12 


GO 

A 

28 

1G8 


D 

5 


30 

A 

14 

84 


C 

r> 


30 


32 ) 201 

720 

m 


O/o in. 

1184 threads. 


It will thus be seen that out of a total of 1 1 84 threads in each repeat 
there are no fewer than 720 which are developed in the simple 5-thread 
weave, double warp, double weft, illustrated at J, Fig. 61. The remainder 

of the ground weave, except that im- 
mediately under th? floral portions, is 
developed in the rib weave*shown at H, 
with two double threads and one double 
thread alternately. Apart from the 
Sbove 720 threads of sateen, there are 
464 figuring threads. Even if these 
threads were controlled independently 
of the jacquard, there are too many for 
a 400’s machine with a straight tie, but 
they could easily be operated by a 500’s machine. The two parts marked E 
are, however, symmetrical, and since each part contains 60 threads, it follows 
that if these two sections were operated by the same hooks with a centre-tie 
we should require only 464 - 60 = 404 hooks and needles, or an ordinary 400*s 
jacquard. It is nevertheless quite apparent that unless these styles were typi- 
cal of a number of others with the same proportions, the separation of the 
plain and fancy figuring threads, as indicated, would not conduce to economy. 

The separation of two or more series of threads for the purpose of 
employing a minimum number of needles, hooks, and cards naturally 
involves more complications in the operations of mounting and weaving, 
no matter what method is resorted to. Such a procedure very often, but 
not always, simplifies the method of card-cutting ; and since the operation 






of preparing the cards is very similar for practically all the ordinary kinds 
of fabrics, we propose to deal with this branch at once. 
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CHAPTER IV 


THE PREPARATION OF JACQUARD CARDS BY HAND- PLATES AND BY 
ORDINARY PIANO CARD-CUTTING MACHINES 

The preparation of jacquard cards for the loom may be a comparatively 
simple process, or it may be a more or less complicated process, depending, 
as it does, upon the size or ])itch of the jacquard machine, the number of 
machines in use u])on one loom, the character of the design, and tlie machine 
or apparatus in which or by which the cards are cut. In all cases the process 
consists of cutting or punching holes into certain parts of the card, and 
leaving the remainder uncut, so that when the card operates upon the 
needles of the jacquard, they may, through the medium of the hooks, cords, 
mails, and lingoes, result in the formation of two layers of threads to form 
the shed. • 

When complicated and large designs are required, and when several 
sets of cards from the same design have to be j)repared for a number of 
looms, it is natural to ex])ect th?it the mechanism will be much more 
extensive than what is required for the production of cards intended for 
actuating the needles of a small jacquard and for the development of simple 
designs on the fabric. For the latter type, and particularly if a very small 
number of jacquards are installed, a .simple cutting plate, or hand-plate, 
may serve the purpose, although the j)rocess of preparing cards by the aid 
of such a plate is very slow. 

Figs, 63, 64, 65, and 66 illustrate two simple hand-punching plates. 
Fig. 63 is a front elevation. Fig. 64 is a sectional front elevation, and Fig. 65 
is a plan of one type of hand-plate, while Fig. 66 is an elevation of another 
type. Fig. 63 shows that the card A is held between two steel plates B and 
C. The holes in both plates coincide with each other, and are identical 
with those shown in the plan view in Fig. 65. The dimensions of the card 
A are indicated in the latter figure by the dotted rectangle, and it will be 
seen that there are 26 complete rows of holes, 8 in each row, commencing 
at D and finishing at E, or vice versa, or 208 holes irrespective of the 6 holes 
in each extreme row marked F. The 208 holes indicate that this represents 
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the maximum number of needles ; the largest jacq^^ard machyie for which 
this plate can be used is what is termed a 200’s jacqliard. The large holes 



G are foi' the pegs of the card cylinder, the two extreme rows F of G each 
are for special work, to be utilised when necessary, while the four holes H, 
two near each end, are for the ]>urpose of lacing the cards together. 



Plate C is fixed in a simple wooden framework J, and projecting from 
the upper side of this plate is a series of pins K, Fig. 64, which fit into 
corresponding holes drilled in the top mov ible plate B. A rectangular 
' recess in the fixed plate C correspondvs to the size of the card, and when the 
card and the upper plate B are in position, as shown in Fig. 63, all is ready 
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for the cutting to commence. When the card used is a short one, such as 
the one illustrated, it 'matters little which end of the card operates the first 
row of needles in the jacquard, hence the card-cutter may commence to , 
cut either from the left-hand side or the right-hand side. A right-handed 
person would probably prefer to start on the right hand of the plate, in 
which case D may be taken as the first hole for the first needle in the 
jacquard. Assuming this to be the case, the design would be turned 
through 180 degrees so as to bring the junction of the first thread and the first, 
pick to the top right-hand corner. The card-cutter would then read from 
right to left oii the top row of the design, and proceed from right to left on the 
plate, taking the short rows of 8 in regular succession, starting with hole D. 
If the card-cutter started at the point E it would be unnecessary to turn 
the design as in the above case ; the design would be the right way up, and 
the cutter would read along the bottom line from left to right, and take 
the short rows of holes in succession from left to right. The card would be 
numbered at the end where the cutting was started. A slightly different 
method is necessary for the larger cards. 

It is a usual plan to prepare point-paper designs so that the bulk if not 
all of the painted part rej)resents the sections which are to be cut, altlu)ugh 
in special cases the principle may be departed from. It is much easier, 
however, to cut marks, as it is technically termed, than to cut blanks, and 
we shall always assume, unless it is specially mentioned otherwise, that the 
painted portion of the design represents the threads in their highest position, 
or warp on the surface, and consequently represents cut portions of the 
cards for most classes of jacquards. 

The card-cutter first takes the^ large punch L, Fig. 63, enters it in turn 
into each of the two large holes G, Fig. 65, near the ends of the plate, and 
drives it through the card for the peg holes as indicated in Fig. 63. He 
then takes the smaller punch M, pui^ches two holes H at each end of the 
card for the lacing twine, and then with the same small punch proceeds to 
cut the card at those points which correspond to the marks on the design- 
paper. It will be evident from Fig. 63 that the punches L and M must 
pass entirely through both plates and be withdravm from the underside. 
This is the chief drawback with regard to this particular type of hand-plate, 
and although it is used successfully for cutting cards for dobby machines, 
it is not BO satisfactory for the hand-cutting of jacquard cards ; there is a 
tendency for the card-cutter to lose the position in the various rows. The 
cutter illustrated at N, Fig. 65, is much more satisfactory for this purpose, 
since it is unnecessary for the punch to pass through the plate, and the card- 
cutter can transfer the punch from hole to hole in any row with greater 
accuracy. The actual cutters are secured to the handle by a small screw 
or set-screw. 
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It is absolutely essential that the holes in the two plates B §nd C should 
coincide, not only with each other, but with the pitdi of the needles in the 
jacquard. In order that the two plates may always be in the same relative 
positions, the pins K may be irregularly spaced, or more pins may be placed 
in one half of the plate than in the other half ; when this arrangement is 
adopted the plate cannot be turned end for end. Any arrangement of pins 
will do, and one system is illustrated in Figs. 64 and 65, where five pins are 
shown in eaoli long side, three on one side of the centre and two on the 
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other. In Fig. 64 the upper plate is shown lifted clear of the pins, and the 
card is in its proper position on the bottom plate C. 

Fig. 66 represents an elevation of a frame of a simpler nature, for which, 
punch N in Fig. 65 would be used. The upper plate B in this frame projects 
over both ends of the lower plate C and the framework, so that the over- 
lapping parts may provide means for removing the upper plate in order to 
insert the card, and also to replace the plate ready for cutting. Knobs P 
in Figs. 63, 64, and 65 serve the same purpo-^e for the frame illustrated in 
those figures. ' 

This simple method of cutting cards is practised only in exceptional 
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cases, for it^is evident that the work, even at its best, is performed exceed- 
ingly slowly, qjid the process is suitable only for the cutting of cards for use 
on small jacquard machines and in cases where a comparatively small 
number of cards are required for each machine. Practically all card- 
cutting for cards which are intended for ordinary jacquards, as well as for 
many special types of jacquards, is done on what is termed the piano card- 
cutting machine. 

Although piano card-cutting machines by different makers vary slightly 
in detail, the chief features in all these machines are very similar, and Fig. 
67 is a general view of the machine made, by Messrs. Devoge & Cb., Man- 
chester. The point-paper design is shown clearly on the reading board, and 
the partially punched card is shown with the fore-end gripped by the rat- 
trap of the carriage, and the rear-end in the guides near the front of the 
machine. All the other parts will be recognised in connection with the line 
drawings, of which Figs. 68 and 69 illustrate side and frortt elevations. In 
this machine, as in most others, one short row of 8, 10, or 12 holes represents 


i 1 ^ i i 1 


^ : H ^ 
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Fig. 66. 


the amount which may be cut at one operation, and since this is the case, it 
is necessary that the successive positions of these short rows shall be placed 
in regular order immediately under the 8, 10, or 12 punches. The punches 
are held in position in the headstock A, which will be described later, and 
this headstock controls the punches ip such a way that any desired order of 
cutting may be easily achieved. The card B to be cut is placed between a 
fixed guide C and a movable guide C^, and is supported by and slides along 
the ledges of the two guides. When the headstock A is in its highest 
position the card B is entered through the slot D between the top and 
bottom plates E and F, both of which are drilled to correspond with the 
pitch of the needles in the short rows of the jacquard, and the holes are 
naturally just large enough to allow the punches clearance for working. 
The card, as stated, passes between these two plates, and the end is gripped 
by a suitable rat-trap catch G fixed to and moving with the carriage H. 
Now after each short row or the necessary part of a row has been cut, it is 
clear that those punches which have been forced through the card and into 
the holes of the lower plate F must be withdrawn before the card can move, 
and that the carriage H must also draw the card backward a sufficient distance 
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in order that the position of the next short row shall be under Jhe punches. 
This double action is performed by the action of the chrd-cutt.er’s feet on the 
treadles J and K, both of which are fulcrumed at L. 

In the position shown in Fig. 68 the treadle J ir in its lowest position, 



Fig. 67. 


and the treadle K in its highest position. These are the positions occupied 
by the treadles : r 

(a) When the card is entered through slot D ; 

(b) When the card-cutter selects the necessary keys and therefore the 

punches for each short row ; 

(c) Immediately before the punches are carried down by the head- 

stock A. 

It will be seen that the downward movement of treadle K will impart a 
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similar but ^shorter movement to rod M, which in turn will pull down the 
end N and ra^se the Opposite end 0 of the short lever fulcrumed at P. 



.Simultaneously, the long arm of lever Q, fulcrumed at R, will be raised 
through link S and the short arm of lever Q ; the latter is attached by link 
T to cross-bar U. The two ends of cross-bar U carry the two bolts V, which 
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are fixed to and operate the headstock A. It will t^:us be seen that when 
the right treadle K is depressed, the cross-bar U willcause t|je two slides W 
to move downwards in their sockets, and the headstock A will move with 
them. In virtue of the decreased leverage of the virious levers, it follows 
that the cross-bar U and the headstock A will move downwards through 
only a short distance— actually a quarter of an inch— which, however, is 
quite sufficient to force the punches through the card. It will be observed 
that the left ^treadle J is also connected to lever Q by means of rod X, and 
attached by the adjustable rod Y to the handle of the escapement lever Z, 
fulcnimed at 2. ^ • 

It has been shown that a downward movement of treadle K imparts an 
upward movement to the long arm of lever Q ; hence the latter, through 
rod X, raises treadle J, and as treadle J rises, the stud 3 moves upwards in 
slot 4 of rod Y without imparting any movement to the latter or to the end 
of escapement kver Z. Treadle J will now be in its highest position, and, 
in virtue of the connections shown, it is evident that a downward move- 
ment of treadle J will impart an upward movement to treadle K, and hence 
an upward movement to the headstock A. When the left treadle J is 
approaching its lowest position, the stud 3 comes into contact with the 
bottom inner curved part of slot 4 in rod Y, and imparts a slight downward 
movement to the latter. The extent of this depression is a,ccurately 
adjusted by means of the connection 5, and is just sufficient to lift the top 
catch () of th^ escapement on the end of lever Z clear of the pins 7 in rack 8. 
A special and essential ])rovision is made in this escapement, and in all 
similar ones, to ensure that when the carriage is liberated by the with- 
drawal of the above catch 6 from bet\^een the pins 7, a similar catch 9, 
fixed to a sliding block, will prevent the carriage from being drawn too far 
back by weight 10, which is attached to the back of the carriage H as shown • 
by means of a rope 11 passing over pulley 12. In Fig. 68 the whole of the 
carriage is clear of the escapement. The small discs of cardboard which 
are punched out of the card drop into a funnel-shaped chute 13, and 
ultimately into a box 14. 

The lever Z, which carries the escapement, is thus positively moved-in 
one direction by stud 3 in treadle J, and it is negatively returned to its 
normal position by spring 15 attached by one end to stay-bar 16, and by the 
other end to link 17. The latter is hooked on a stud 18, which projects 
from the face of the lever Z. 

A cord 19 is attached by a screw to carriage H, is passed through a brass 
eyelet 20, see also Fig. 69, in the movable guide C^, and has a knot tied on, 
or a handle 21 attached to its end. This cord is for the purpose of drawing 
the carriage forwards and into close contact with blocks E and F when 
starting to cut a new card, or for altering the position of the carriage for 
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any other reason. The carriage is shown in Fig. 68, very near the back of 
the machine in order that a full view of all parts may be seen. In practice, 
however, the carriage never reaches this extreme position ; indeed, in this 
and nearly all other machines a horizontal rod is supported by a bracket 
from the table (see Fig. 67), and this rod, which overhangs the narrow part 
of the carriage, arrests the handle 22 and thus stops the carriage soon after 
the last pin of the row 7 leaves the catches of the escapement. A thin cord 
23, seen best in Fig. 69, is also attached to the carriage, and passes over 
suitably arranged guide pulleys 24, and across the front of the reading 
board 25. A timall weight 26 is attached to the end of this cord, and a 
metal or other pointer 27, or else a knot tied on the cord itself, i)asses in front 
of a numbered index card 28, so that as the carriage recedes during the 
cutting operation, the pointer moves from right to left and from hole to 
hole on the index card 28. In Fig. 69 the pointer 27 is near the right end 
of the index card 28, whereas in Fig. 67 it is not far removed from the 
left end. 

Practically a full sheet of design-paper is shown in Fig. 67 pinned to the 
reading board, but only a small piece 29, Fig. 69, is shown on the reading 
board 25 in the latter figure. There are two slots in the board (see Fig. 67), 
but only one, marked 30, is shown in Fig. 69. The design-paper may be 
passed through both slots, or through only one as indicated in Fig. 67. If 
it goes through both as shown in Fig. 68, it is first ])lac^d in the semicinmlar 
part of bracket 31, passed through the top slot 30, down tile face of the 
board, and as the cutting proceeds the end is entered through the lower 
slot 30 and then into the semicircular part of bracket 32. Jn many of the 
latest machines these semicircular parts are disj)ensed witli. 

The straight edge 33 is joined to its companion 34 by flat iron stri])s 35, 
and the tw^o straight edges being thus joined can be moved up and down 
the board as required by means of the^ square threaded vertical screws 36, 
which are operated by thumb-.screws or milled heads 37. The latter are 
sometimes grooved, and a cord pas.ses round both so that the cutter may 
move the straight edges by drawing the cord in the* desired direction. 

A good general idea of the mechanism of the headstock A will be gatliered 
from Figs. 70 to 73. The wooden cap 38 is shown in position in the three 
latter figures, which are sectional end views, but in the ])hin view, Fig. 70, it 
has been removed, and thus practically all the mechanism of the headstock 
is exposed to view. The sectional views are taken from the left, as indicated 
by the large arrow in Fig. 70. 

Twelve ordinary punches 39, each approximately in. in diameter, and 
the majority 4 in. long, appear in the same plane, and ciich is })rovided with 
’a shoulder similar to tho.se shown in Figs. 71 to 73, by means of which it 
is prevented from dropping out, and also raised when required by the 
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headstock A. Each punch 39 has its corresponding key 40, 41„or 42, which 
is kept in position by a spiral spring 46 on the stem* of the ikey. A larger 
punch 43 is also provided immediately in front of the twelve ordinary ones, 



and this also has its J^ey 44. The upper ends of bolts V (sec also Fig. 69) 
are secured by circular nuts 45, which may bo unscrewed or screwed by 
means of a two-])ronged turnscrew and the tw^) holes in each nut. 



Fig. 71 . Fig. 72 . Fig. 73 . 


The middle eight punches are for 4(X)’s or 8-row cards, and they are 
operated by the eiglit keys marked 40 at the back of the headstock A. For 
a 500’s or 10-row machine ten punches and ten keys are required ; in this 
case the two keys marked 41 at the front of the headstock operate the 
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second and ^eleventh punches in the row. Finally, for a GOO’s or 12-row 
machine all the pundies 39 and keys 40, 41, and 42 are utilised. Some 
600’s machines are made with short rows of eight, and the cards for these 
would naturally be cut with the eight middle punches ; in this case, however, 
the carriage H is considerably longer than the one shown in Fig. 68. 
Although there may be certain advantages in such a card, it is not considered 
to be as useful a size as the 12-row cards, which are most common for this 
size of machine. t 

The action of the mechanism is as follows : When the headstock A is 
up, as shown in Fig.- 71, the tops of the punches 39 and 43 are below the level 
of their respective keys. It will be understood that the punches for those 
keys in the low position, and the punches for those keys in the high position, 
are shorter and longer respectively than are those for the keys in the middle 
row, and the punches shown are representative only of this row. When 
the headstock A is in the highest position, as indicated in Kg. 71 , the selec- 
tion of keys, according to the marks on the design-paper, is made, and these 
keys are pressed inwards. This action will clearly place the inner ends of 
the selected keys immediately over the tops of their respective punches, and 
when the headstock A is drawn down by the right treadle K and the connec- 
tions indicated in Fig. 68, it follows that the punch, say 39 in Fig. 72, will 
be forced through the card B by the key 40. At the same time the punch 
43, and all others which are not under the control of 'l-heir respective keys, 
will simply rise in their holes, or at least will rest stationary tipon the card 
B, while the headstock A moves downwards ; the position of the shoulder 
of punch 43 in Fig. 72 shows that this is the case. 

In Fig. 73 an ordinary key and* the peg-hole key have been pressed over 
the tops of the punches 39 and 43, and both the latter arc shown as having 
passed through the card B. (A clearance is shown between the key and 
' the top of the punch, but it will be ijnderstood that the two are in close 
contact when cutting is taking place.) The cutting face of each punch is 
concave in order that it will enter the card gradually, and thus effect the 
cutting mor^ easily. When the fingers are removed from the heads of the 
keys, the springs 46, which are compressed by the pins 47 that pass through 
and move with the keys, exert their force on the pins 47 and thus place 
the keys in their inactive position. The pins 47 are kei>t vertical and out 
of each other’s way by being caused to move in the slots of the brass jdate 
which covers the springs. 

Two pins project from the underside of wooden cap 38, and enter the 
holes 48 in the headstock A, Fig. 70. The small or ordinary punches are 
used for the design and for the lacing holes, whereas the large punch 43 is 
used solely for cutting the holes for the pegs of the cylinder. 

Before describing the remaining parts of the machine, it will probably ^ 
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be best to indicate bow the design is read, and the manner jji which the 
holes are cut. We have already stated that the card*B is drawn backwards 
by the carriage H a distance equivalent to the pitch of the short rows every 
time the left treadle J, Fig. 68, is depressed. We have also seen that the 
downward movement of the right treadle K results in a downward move- 
ment of the headstock A. Now since all the punches are held by their 
shoulders in the headstock A, it follows that when no card is in the slot 
D, Fig. 69, the punches will partially close the slot when the headstock is 
down ; consequently, the left treadle J must always be down and the head- 
stock up before a new card can be entered through the slot D. But when 
the parts occupy these positions the carriage H cannot be kept in close 
contact with the back of plates E and F — i.e. in the full forward position — 
but always moves back a short distance when released by cord 19. This 
is because at this time the catch 9 is between two of the pins 7, and when 
the cord is released the weight 10 pulls the carriage back until the said 
catch reaches the next pin. This motion will be explained fully shortly. 

In order that the carriage may be kept in close proximity with the 
plates E and F — i.e. when the pointer 27, Fig. 69, is opposite the right-hand 
black band of index card 28, as illustrated — ^it is necessary that both treadles 
should be moved slightly until both catches 6 and 9, Fig. 68, are in contact 
with the pins 7 while still leaving the headstock A in such a position that 
the keys may be easily pressed in if required ; if the treadles are moved too 
much the catches and pins may still be in contact, but the tops of the 
punches may be above the level of the key holes, and thus prevent the keys 
from entering. Commencing operations, then, with the pointer 27 in the 
place indicated, three keys, the second and the seventh in the back row of 
Fig. 70, as well as the middle one, 44, are pressed in for a 400’s card, and 
the right treadle depressed. This combined action cuts the three holes 
marked 49 and 50 in Fig, 74. The l^ft treadle J is now depressed, which, 
by the connections, allows the carriage to recede and to take the pointer 27 
to a position approximately midway between the black band and the hole 
marked 1 , Fig. 69, on the index card 28 — ^actually a little nearer to 1 than ^ 
to the black band. This position corresponds to the place in the jacquard 
where extra needles are often inserted, and is the same as that occupied 
by the 6 holes marked F in Fig. 65. The right and left treadles are again 
, depressed in the order mentioned, when the corresponding movement of the 
carriage H places pointer 27 opposite No. 1 on the index card. If we 
assume that all the 51 rows are utilised for the design, the cutting for the 
, latter will start with the pointer at No. 1. 

In Fig. 69 the straight edge 33 is immediately unch'meath a greatly 
' enlarged section of design-paper 29, the large squares representing the blocks 
of 8-by-8, and the small squares representing the line which is to be cut. 
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The card-cujter reads 8 of these small squares, those between the heavy 
vertical lines, at a timfe, and since bar 1, which corresponds with 1 on the 
index card, shows marks on the first, fifth, sixth, and seventh squares, the 
keys for these numbers will be pressed in and the right treadle then de- 
pressed ; holes will thus be punched in these four positions on the first row 
of the card immediately below the large peg-hole 50, Fig. 74. The left 
treadle is then depressed, which allows the carriage to recede and to draw 
the card with it, as well as to take the pointer 27 opposite No. 2 in the index 
card 28, Fig. 69. Bar No. 2 on the design-paper 29 is now taken, and the 
right and left treadles pressed down alternately. This order is continued, 
taking the proper readings from the design-paper until the pointer 27 
reaches the black band between Nos. 26 and 27 on the index card. At this 
point the second and seventh are cut for the centre lacing of the cards ; the 
cutting for the pattern then proceeds as usual from No. 27 until the pointer 
reaches No. 51, at which point the keys for the last bar on tiie design-paper, 
as well as the large key 44 for the peg-hole, are pressed in and the card cut. 
Finally, when the pointer reaches the last black band, the second and seventh 
keys are again pressed in, and the card cut for the third line of lacing. Then, 
vilth the right treadle still down, the card-cutter takes hold of handle 21, 
Fig. 68, pulls card guide a little to the right so as to allow free movement 
to the card, presses down lever Z to withdraw catches 6 and 9 from pins 7, 
depresses the left treadle J to lift punches out of card and above slot D, 
and then pulls the carriage forward by handle 21 and cord ‘19 -an action 
which obviously forces the card in advance of the carriage. Since a 
complete card is cut in about a minute, it follows that the whole operation 
is done in less time than it takes to describe even the movements which are 
performed for withdrawing the card. When the carriage has been thus 
drawn forward, lever Z is released, so that the carriage may be kept 
stationary by the catches, and lever ^2 is pressed down in order that the 
card may be removed from the grip G. 

The holes in the successive rows in the card would then rejiresent the 
marks on th« design-paper. Thus, the holes in card B, Fig. 74, represent 
the marks in the squares immediately above the straight edge 33 in Fig. 69. 

Fig. 74 is a plan of the front part of the machine, and it shows distinctly 
that twelve short rows of the card B have been cut, and that the thirteenth 
row is immediately under the punches. The card in Fig. 74 shows that the 
cutting started as mentioned on the first row, but the actual starting point 
will naturally depend upon which particular row of the jacquard controls 
the first eight threads in the design, and this in turn is to some extent 
dependent upon the weaves to be used and the disposition of the ornament 
on the design-paper. It has already been pointed out that with detached 
figures the number of needles in use must be a multiple of the ground weave, 
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and although there are several things which prevent ideaj conditions 
obtaining, it is evident that under certain circumstances the^most desirable 
number of needles to be in work is that one which contains the greatest 
number of factors, and still keeps in use practically all the needles in the 



Fig. 74. 


jacquard. Thus, with a constant sett of the warp, and with the jacquard 
mounted or tied up for 384 needles and hooks, a larger number of different 
ground weaves could be employed for different designs than is possible with 
any other number in a 400’s jacquard. It is evident, however, that, except 
in special circumstances, this number would be unsuitable for 5-thread 



OHAF. 


■ iiO , JAC(JUARDS AND HARNESSES 

weaves ; indeed, for practically all kinds of designs intended to be developed • 
in 5-tbread weaves, tbe number of needles employed would be a multiple of 5. 

, Although the marks on the single line of design-paper in Fig. 69 (facing 
page 104) are not representative of any particular design, but have been 
taken irregularly to show the method, we may assume that the twelve 
blocks of eight squares each represent the first pick of a design which is 
complete on 96 threads. There will therefore be four repeats of each pick 
on its corresponding card. 

96 thds. per pattern x 4 repeats = 384 iiecdJes to be used. 

408 needles -.384 needles = 24 needles and 24 hooks not required for the figured 
part of the cloth. 

= 3 full rows of 8. 

If one of these three rows is reserved for selvages (say, the first row), then 
two rows must be left idle, and these may be at either end. A suitable 
arrangement would be as under : 

Row No. 1 = selvages. 

„ 2 to 49 = for design. 

„ 50 and 51 = idle. 

If the draft in the harness reads from back to front as illustrated in Figs. 
5 and 9, and in the upper diagram in Fig. 3, it is necessary to turn the 
design through 180 degrees, so that the first thread hnd the first pick will 
start on the right as shown in Fig. 69. Then the bars or blocks of eight 
small squares are read in regular succession from right to left, and the 
pointer 27 in Fig. 69 must also move from right to left as the carriage H, 
Fig. 68, recedes, in order to indic&te on the index card the exact position 
or block of the design paper for the guidance of the card-cutter when he or 
she desires to compare the two. When the first thread in the warp is 
through a mail of the harness cord at the front of the comberboard or 
. harness-reed, as indicated in the lower diagram in Fig. 3, and the warp 
threads drawn from front to back, the bottom needle of the jacquard 
controls the first hook and thread. In this case the pointer 27, Fig. 69, 

* would be attached to the carriage H in such a way that as the latter receded 
the former would move from left to right in front of the index card 28. It 
would then be unnecessary to turn the design through 180 degrees. In both 
cases the cards would be numbered consecutively, and at that end which 
was cut first. 

When the designs to be reproduced are intended to occupy a large area 
on the cloth, as, for example, in table damasks, crumb-cloths, curtains, floor 
covering; and similar textures, it is a common practice to utilise as many 
needles and hooks as possible ; consequently, with 5-thread weaves and a 
400’s jacquard there are usually 400 hooks out of the 408 tied up for figuring 
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purposes, and the odd row or first row reserved for the selvqjges and the 
narrow stripes which adjoin the selvages. Let us assume, fo:^ example, that 
Fig. 75 represents 8 picks of a design on 400 threads. The first bar c(r 
block, marked 1 on the design-paper, represents the first row of needles and 
hooks in the jacquard ; but the design shows that the first, second, and third 
vertical rows of small squares are unmarked, and consequently the first, 
second, and third needles and hooks are idle, unless they happen to be 
utilised for, say, the two outside threads at each selvage, or for the basket 
border, or for some such simple but necessary work, independent of that 
represented on the design- 

threads inclusive in the first 
bar or block represent the 
weave for the narrow stripes, 
and these stripe^in damasks 
are termed the simple satin jiart ; they adjoin the selvages, and some- 
times appear in other parts of the fabric. This weave is naturally con- 
tinuous throughout in the way of the weft. Bars or blocks, Nos. 2 to 
51, of which only up to 7 are illustrated in Fig. 75, are for the figure, 
and, although in certain sections of the 8 picks illustrated the weave is 
shown continuous, it will be understood that the weaves in all parts except 
bar No. 1 change frorrf point to point, somewhat as illustrated in bars 5 and 
6, and are therefore quite different from that marked in bar No. 1. For 
cutting purposes the design would be turned through 180 degrees if intended 
for the arrangement shown in Fig. 69. 

• It will be noticed that 

when the point-paper design 
is painted in solid black or 
in any other opaque or very 
thick paint, it is impossible 
to distinguish the heavy 
dividing lines, so that no design should be made as shown, in Fig. 75. 
The same design appears in Fig. 76, turned through 180 degrees ready 
for cutting, but dots have been introduced instead of solid squares ; 
this certainly enables the marks in the heavy sections to be seen more 
clearly in conjunction with the heavy dividing lines, but in practice 
neither method would be adopted, on account of the difficulty in- 
volved and the time taken in introducing the weave into the figured 
portions. The usual practice is to paint all over the figure with red, intro- 
duce the ground weave in red, and then with either white or black paint 
insert marks on the already fully painted figure to indicate where the 
threads are to be left down. In cutting, the operation is then to cut all 
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red in groiyid and figure, and to leave everything else uncut. The line 
in crosses in If ig. 76 is represented on the card B in Fig. 78. 

J Figs. 77 and 78 represent on a large scale an elevation and a plan of the 
carriage H, together with the parts which control the movements of the 
carriage. As already mentioned, a blank card is placed between the fixed 
and movable card guides C and C^, Figs. 68 and 69, the left treadle J being 
down and the headstock A being up. The punches are in consequence 
above the slot D, and therefore the card can be pushed easily through the 
slot until it comes into contact with the end of the carriage H or the rat-trap 
grip G. It is, of course, necessary that the card B should be firmly gripped 
between the small projecting part 51, Fig. 77, and the teeth of the grip G 
after the card has been placed between these parts. In order to enter the 
card B, it is necessary to press down the end of lever 22, the latter in turn 
forces down the left-hand end of lever G and raises the right-hand end of the 
latter, then when the card has been placed between the points of G and the 
piece 51, handle 22 is released and the spring 52 causes the rat-trap G to grip 
the card B. 

Attention has already been called to the fact that the cutting is done by 
pressing down the right treadle K, Fig. 68, while, on the other hand, the 
downward movement of the left treadle J allows the carriage H to be drawn 
back a distance equal to the pitch of the pins 7 in rack 8. Thus, when the 
treadle J is nearly at the bottom of its stroke, the pin 3 comes in contact 
with the bottom of slot 4, Fig. 68, and causes a slight downward movement 
to be imparted to rod Y, This causes the right-hand end of lever Z to move 
in the same direction against the pressure of spring 15 ; the left-hand end 
of lever Z, which carries the escapement, consequently rises slightly. In 
Fig. 77 the escapement is down, while in Fig. 79 it is up. 

The escapement is composed of a block 53 on the end of lever Z and this 
block carries the fixed catch 6. The f^liding catch 9 is fixed on the end of a 
bolt 54 supported by and free to move in the block 53 and the projecting 
part 55 at the end of lever Z (see Fig. 78). A spiral spring 56 encircles the 
bolt 54, and 4;ends to keep the catch 9 to the right as shown in Figs. 68, 77, 
78. In this position it will be seen that the fixed catch 6 is between two of 
the pins 7 of the rack 8, thus preventing the carriage H from being drawn 
backward by the weight 10, Fig. 68 ; while at the same time the sliding 
catch 9 is under and quite clear of the pins 7. 

Immediately rod Y is depressed, however, the catch 6 is lifted clear of 
the pins 7 ; but simultaneously catch 9 is placed in the position which has 
just been vacated by catch 6. The pull of the weight 10, Fig. 68, now 
draws the carriage H backwards until the sliding block 57, Figs. 77 and 79, 
which carries the catch 9, comes into contact with the recess in part 53. 
When this happens, both catches 6 and 9 are in one plane, as shown in 
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Fig. 79. The distance through which the 
carriage H moves is the pitch of the pins 7, 
and the necessary adjustment to obtain the 
correct distance is made by nuts 58 on the 
end of bolt 54. 

From the connections shown in Fig. 68 
it will be clear that the two treadles J and 
K always move in opposite directions, so that 
immediately the treadle K is pressed down, 
the stud 3 rises in slot 4, and hence the 
spring 15 and link 17 draw the left-hand end 
of lever Z downwards until the escapement 
assumes the position indicated in Fig. 77. 
Thus, in Fig. 79, where the pins 7 are shown 
rectangular instftid of round — both kinds 
being in use — it is clear that catch G will 
enter between the pins 7 just before the 
sliding catch 9 leaves them ; and immedi- 
ately the sliding catch 9 leaves the pins, the 
spring 56 forces forward the block 57, and 
therefore the catch 9, into the position shown 
in Fig. 77, the under surface of block 57 
sliding along plate 59, which is set-screwed 
to the block 53 as shown. 

Attention has already been called to the 
partially cut 400’s card in Fig. 74. It will 
be clearly seen that the middle eight punches 
of the headstock, Fig, 70, act on such a 
card. The fixed card guide C and the two 
Boleplates 60 form one piece, while the mov- 
able card guide slides on rods 61, and is 
kept in close contact with the card by means 
of the spring 62. It is essential that the side 
of the card should be in contact with the 
full length of the fixed guide C, so that the 
cutting will correspond exactly with the 
longiuudinal rows of needles in the jacquard, 
and thus ensure a correct selection of needles 
according to the pattern on the card. 

‘ Slots 63 in baseplate 60, Fig. 74, provide 
means for adjusting the card guides for the 
difEerent widths of cards. Thus, for a 500's 
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or 10-row machine, guide C would be moved to the left a distance equal to 
the pitch of tile punches, and then bolted to the table 64 by the set-screws 65. 
Similarly, for a 600’s or 12-row machine, the same guide C would be moved 
still farther to the left so as to include the extreme 
punch on the left. This adjustment requires to 
be done very accurately indeed, and to facilitate 
the movement for different sizes of cards it is a 
good plan to fix the points accurately, then drill 
a hole through the base-plate 60 and the table 64, 
so that a pin 66 may be inserted before the plates 
are screwed down. It will of course be understood 
that the holes marked 67 on the card are for the 
pattern. Fig. 80 is an end elevation of the parts illustrated in Fig. 79, and 
it will be seen that the projecting part 55, Fig. 78, in its up-and-down 
motions, slides against the side of guide 68, Fig. 80. ^ 

The card-cutter already described is intended for what is termed the 
ordinary British pitch, in which the distance between the centres of any 




pair of holes is of an inch, or 0-2692 in. It is, of course, easy to fix a 
headstock of a difierent pitch, to introduce a new rack on the side of the 
carriage, and still utilise all the other parts of the machine. Except in 
special cases, however, the above headstock represents the usual pitch in 
use, and the only difference between this machine and those of other makers 
is in the structure or shape of the various parts for performing the same 
functions. Thus, in many machines the escapement is arranged as illus- 
trated in Figs. 81 and 82, which show respectively an elevation of the pins 
from the opposite side of the carriage, and a plan. In the former illustra- 
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tion the carriage itself is supposed to be cut away, but its ppsition with 
respect to the other parts is indicated by the dotted ftutline. • 

The escapement block A is, in this case, secured to the upper face of a 
long, flat bar B, fulcrumed at C near the extreme back part of the frame- 
work D, and kept normally in its present position by means of a flat spring 
E, one end of which is fixed to the bar B by nut F, while the other end rests 
upon the top of the table, and is thus capable of sliding about i in. along the 
top when the. upper part of the spring is pressed down. In many machines 
the bar B is itself in the form of a spring, and rigidly fixed to the framework 
near point C. The main advantage of the former method is that the bar is 
practically everlasting, since all the negative or return movement is supplied 
by the spring E, and this is the only part which is subject to any serious 
wear and tear. 

The fixed catch 0 is shown behind the first pin PI, whereas the sliding 
catch is clear of <)he pins as illustrated in Fig. 81. The headstock, which is 
not shown in these figures, would occupy a position on the extreme left, and 
the carriage N would, therefore, move from it during the operation of cutting 
in the direction of the arrow K. A small rod L, secured to the bar or spring 
B by nuts M, passes through a slot in a short stud, which projects from a 

lever similar to and per- 
forming the same work as 
lever Q, Fig. 68. Small 
lock-nuts are placed on the 
end of the rod L, Fig. 81, 
and the above-mentioned 
bracket through these nuts 
carries the rod L down a 
short distance when the left 
treadle of the card -cutter 
is depressed. The down- 
ward movement of this rod 
L takes down’ the escape- 
ment A sufiiciently far to 
withdraw the fixed catch G from the pins of the rack, and to place the 
sliding catch J in the next slot — that is, into that slot which the pin is 
imrnediately above at present in Fig. 81. The weight similar to 10 in 
Fig. 68, attached to the end of the carriage N will then exert its force on 
the head of the sliding catch J, through the pin 0 in the rack of the 
carriage, and cause the latter to move until catch J is arrested by the 
front part P of the escapement support. 

During this action the spring Q will, of course, bo compressed until the 
right treadle is pushed down to cut the card, when the fixed catch G will 
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return to ite present horizontal plane, but will enter between the next pair 
of pins, and at the saAie time the sliding catch J will leave the same pair of 
pins. Immediately the catch J is clear of the pins, the compressed 
spring Q, through a small pin in the rod R, will force the sliding catch J and 
its support to the left ready to be inserted between the next pair of pins, and 
so on until the carriage has traversed its complete path and the card has 
been cut. It will thus be seen that the escapements in the two types of 
machine perform the same function, but from different positions. The 
bar or spring B is guided in its up-and-down movements by a pin S, which 
stands erect from the table D, and passes through a hole in the bar B. 
Both catches G and J are naturally withdrawn from contact with the pins 
of the rack when it is necessary to draw the carriage N forward to commence 
with a new card, or for any other purpose. 

Fig. 83 is a sectional elevation of the table, introduced to show up one 

or two little points. In this 
figure, A is the carriage which 
runs upon the supports B. The 
card is gripped between the teeth 
of the rat-trap I) and the small 
projecting ledge E in front of the 
carriage, in the usual way. The 
solid part represents a 400’s 
card, while the dotted extensions 
show the width of a GOO’s card. 
Two rail guides F at the same 
height as the ledge E support 
the card during all its travel, and when the last row' in the card has been 
cut, the lever corresponding to 22 in Fig. 68 comes in contact with the 
underside of the overhanging rod G, which, through the action of the w'eight 
10, Fig. 68, causes the lever 22 to be depressed slightly, and thus raises the 
grip D to free the card. The cutter can then remove the card from the back 
of the headstock, and thus obviate the necessity of drawing it forward 
through the slot, as previously explained. It will, of course, be under- 
stood that the rod G is su])ported by bracket H, which is fixed to the table 
as showm in Fig. 67 ; in many cases, j)arts G and H are in one piece. 

The guide rails F are also clearly illustrated in Fig. 81, which illustrates 
one or two minor details. The lettering in this figure corresponds with 
that for similar parts in Fig. 83. Part of a headstock in Fig. 84 shows 
holes for 14 punches in one row, but the keys are omitted. The twm out- 
side punches, with corresponding keys, are introduced into some machines 
to provide means for cutting the semi-circular holes K in GOO’s cards 
opposite the lace holes M, For 400’s cards the third and twelfth punches 
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would be used for the same purpose. Some firms desire these boles or snips 
at the edges of the cards, as they think the lacing is more satisfactory than 
it is without them. Such 
semi-circular holes are also 
required if the lacing is in 
the form of two or four cords 
which cross each other be- 
tween the cards, and so hold 
the cards in position. The 
card shown in Fig. 84 is fully 
cut for five rows in order to 
show it up distinctly, and 
the front ])art of the card is 
torn away to expose the card 
guides N. As uSual, the left 
guide N is a fixture when 
working, but the right guide 
is under the influence of a 
sj)ring on ])in 0, and the 
latter is attached to the 
angle-plate P, Fig. 85. In 
many cases the parts N are 
dispensed with, and the card 
is then introduced on the 
base Q, in which case the 
gap K between the upper 
and the lower })lates of the §4 

headstock is naturally in the 

same line. The figures show tlie positions of parts for a 600’s card ; when 
it is necessary to cut lOO’s cards, a channel-shaped guide is introduced, 
and the sides of this guide fit between the vertical part of P and the 

edge S of the ojiposite side. 

When large numbers of 
cards are required in the 
production of any type of 
cloth it is natural that steps 
should be taken to reduce 
Fid. 85. the cost of the cards as 

much as possible. If it is 
essential that the pattern should be woven by what is termed a “ full- 
harness ” or “ brocade-harness ” jacquard, in which each needle controls 
only one hook, the cost of cards is minimised by the use of a finer-pitch 
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machine, an^. this obviously necessitates a different card-cutting machine, 
or at least a different headstock and carriage to correspond with the 
pitch of the needles. Figs. 86 and 87 represent a front view and a 

sectional plan view of 
such a machine. There 
are 16 punches in a row; 
the middle 10 ones — {.e., 
4 to 13— aret)perated by 
keys A at the back of 
the headstock, while the 
remaining 3 at each end, 
1 to 3, and 14 to 16, are 
controlled respectively 
by keys B, C, and D, and 
E, F, arffl (1. The peg- 
hole punch is operated 
Fig. 80 . V One Complete 

row, or part of a com- 
plete row, according to the number of holes required in any row, is cut 
at a time, and since there are 16 keys to manipulate, the cutting is 
evidently a somewhat slow process as compared with the cutting for an 
ordinary pitch. In all other 
respects the machine is similar 
to those which are provided 
with headstocks for cutting 
the standard British pitch 
card. 

In the foregoing descrip- 
tion and illustrations of the 
ordinary card-cutting or piano 
machines we have purposely 
omitted thd illustration of 
those in which the keys, or 
rather in this case levers, are 
brought above the punches by 
means of cords. The only 
difference between these and 
the ordinary machines is that 
the above-mentioned levers, which in their normal position are held 
clear of the tops of the punches by springs, are pulled over those punches 
when and where required to prevent the punches from rising when 
the headstock is depressed in the usual way, whereas in the other 
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machines the keys are pressed over the heads of the punches by the 
fingers and thumbs of the card-cutter. The levers t^us pla^i the same part 
as the keys in the modern piano machine. In the cord machines the 
selection of the various levers is made by drawing forward the proper corSs 
from 8, 10, or 12 vertical cords in front of the card-cutter, and in the same 
plane as the punches. This machine must not be confused with the reading- 
in machine which was used in comiection with the draw-boy, nor must it 
be taken to be the same as certain Continental machines, although the 
vertical cords provide a certain resemblance to the above. There are still 
many of these simple machines in use, and satisfactory work can be obtained 
from them, but at the same time they can scarcely be considered as modern 
machines. 

Card-cutting by means of piano machines is probably the most suitable 
way when the cards have to be cut from designs in which weaves appear, 
and this method of cutting is also considered by many experts to be equally 
suitable for several kinds of design in which no weaves appear on the design 
paper. The very fact of both kinds of design being used in the same 
factory has probably something to do with the adoption of the ordinary 
piano machine for several types of weavelefes designs, for this arrangement, 
besides making provision for the reproduction of all kinds of designs on to 
cards, minimises the variety of machines in use in any factory, and at the 
same time makes surS that the work will be done in an efficient manner by 
a cutter who is probably accustomed to one particular method of card- 
cutting. 



CHAPTER V 

CARD-CUTTING MACHINE FOR BRUSSELS AND WILTON CARPETS 

Whenever a certain branch of trade assumes large proportions, special 
types of machines are made, if possible, to perform the work in the most 
economical manner, for the simple reason that such spatial machine or 
machines may be kept fully employed on one particular class or type of 
goods only. This departure has been followed in several cases with respect 
to actual weaving, and for somewhat similar reasons we may assume that the 
plate card-cutting machine known as the Brussels and Wilton card-cutting 
machine was adopted, and is still used almost exclusively, for cutting cards 
which are to be used on special jacquards for the weaving of these fabrics. 
One of these special jacquard machines for the weatving of Brussels and 
Wilton carpets is illustrated in Fig. 34, and three sets of cards are clearly 
visible in position on the triple jacquard cylinder. 

In the simple hand-plate machine illustrated in Figs. 63 to 66, one punch 
only is used for the small holes, btit in the plate machine for Brussels and 
Wilton jacquard cards there are as many punches used at a time as there are 
holes required in the card, and all these holes are cut at one stroke. We 
need not attempt to deal with the selection of the punches at present, but 
may immediately proceed to consider the mechanism of the machine. 

Fig. 88 is an elevation of the driving end. Fig. 89 a section through the 
machine. Fig.* 90 a front elevation, and Fig. 91 a plan. The machine is, 
of course, driven by power, and fast and loose pulleys A and B, Figs. 90 and 
91, are provided if the drive is to be by means of a belt. These j)ulleys are 
placed on shaft C in the particular machine illustrated, and this shaft 
extends across the machine as shown, and carries a small pinion D of 13 
teeth, Fig. 91. This pinion gears with wheel E of 48 teeth, and the latter is 
•compounded with pinion F of 13 teeth on stud G. The pinion F ultimately 
drives wheel H of 60 teeth on the cam shaft J. This is what might be called 
the indirect method of driving ; the direct method, in which all the gearing 
is on one side, is probably more common, and is illustrated in Fig. 92, which 
is a reproduction from the most modern machine made by Messrs. Boucher 
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and Co., successors to Prunells Limited, Kidderminster, the original firm of 
which was Messrs. Prunell, Lamb and Co. The machine wa* invented by 
Mr. Lamb more than ninety years ago as a hand-power machine ; it was 
subsequently adapted for power by the inventor. In this case it will be 
seen that a small pinion on the pulley shaft drives a large wheel on the cam 
shaft. This shaft is identical with shaft J in Figs. 88 to 91, and all the 
description which follows, except that of the driving, may be considered as 
being applicable to this illustration as well as to the line drawings. 

Two cams K, one near each side frame, rotate with the cam shaft J, and 
impart an up-and-down motion to each arm L ; a slight oscillating motion 
is also imparted to the lower end of each arm L, but this is due entirely to 
the cams and to the fact that the upper ends of the arms L are loose on the 
shaft M. Shaft M supports the rising and falling block N, and from each 
end of block N is a pendant arm 0, forked at the end as indicated at P, Figs. 
88 and 89, in or<ler that the block N may have a perfectly true vertical 
motion. 

The general action of the mechanism having been explained, it will be 
well to consider the action of the moving block N upon the actual cutting 
a})paratus. This will be understood by reference to Figs. 88 and 89, the 
latter of which shows the position of all parts immediately after the card 
has been cut. In Fig. 88 the thick part of the cam K is down, and hence the 
block N is in its lowesf position. The hinged plates Q and R are situated 
between the sides S and T, the bottom plate Q resting upon and secured to 
the top of block N. Both plates Q and R are drilled to correspond to a 
fully cut card, and in Fig, 88 the upper hinged-plate R is open so that a 
blank card may be placed on the top of plate Q. Particulars of both plates 
will appear shortly. In the meantime it is sufficient to state that when the 
card has been placed in position, the hinged lid R is closed down as shown 
in Fig. 89. It will be understood thal; the sides, or rather ends, S and T, 
along with the front and back long sides, form a rectangular opening in the 
framework in which the block N, with plates Q and R, rises and falls under 
the influence of the cams K and their connections to the block N. In 
connection with the cutting of cards for Brussels and Wilton carpets, it 
occasionally hayjpens that two cards may require to be identical so far as the 
order and number of the holes are concerned. In such cases both cards may 
be cut at one operation in the machine illustrated in Fig. 92, as provision 
is made in the hinging of the plates for this purpose. The punches are 
graduated in length so that all the cutting force is not required at the same 
instant, and the machine is accurate in all respects. 

The plate U, Fig. 91, which contains the punches, is now placed on the 
hinged-})late R, Fig. 89, and the cover plate V, which i^ in its back position in 
Figs. 88 and 91, has been drawn over the heads of the punches W in Fig. 89, 
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so that wljen the thick part of the cam K forces block N upwards, it is 
clear that thte punches W will be forced through the card, or at least the 
card will be forced against the stationary punches W, which will thus cut 
the holes required. The card, as already mentioned, is between plates Q 

and R, and consequently at X in Fig. 89. 

When the card is cut, the card-cutter 
pushes the slide V back into the position 
indicated in Fig. 88, and then removes the 
I>iinch plate U, with its punches W, from 
the machine, and places it upon the stand 
Y ready for arranging 
the punches for the 
next card. Punch 
])late U is provided 
with handles Z or 
their equivalents for 
transferring it to and 
from the machine. 

Before considering 
the other views it 
should be mentioned 
that the design-paper 
is placed on the read- 
ing-board 2, Figs. 88, 
90, and 91, and a 
straight-edge is used 
to enable the cutter 
to read each line of 
the design (correctly. 
The punches are kept 
in box 3, Fig. 89, 
which is conveniently 
situated for the re- 
quirements of the 
card - cutter. The 
belt is usually placed 
on the loose pulley B, Fig. 90, after each card has been cut, by the belt fork 
4, supported by rod 5, which oscillates in fixed brackets 6 and 7. The 
handle 8 is placed near to the operative, and its movements are limited by 
part 9, which is secured to and moves with ball 10, and in unison with handle 
8 and ball 11. The movement of part 9 is checked in both directions by 
bracket 12, Fig. 91, and this bracket carries the ball 6, Fig. 90. 



Fig. 88. 
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In Fig. 91 the hinged-plate R is down, and the upper face thus exposed 
to view. It shows that the plate is divided into three sectioifs as follows : 

15 rows of 8 holes in 1st section on left ; 

14 „ 8 „ 2nd „ in middle; 

15 ,, 8 „ 3rd „ on right; 

or altogether 44 complete rows as a maximum. Four holes in line with the 
1st, 3rd, 6th, and 8th long rows 
are for the lacing, and these 
naturally appear at four places 
on the plate. Finally, there are 
two large holes near the outer 
lacing holes at each end for the 
pegs on the card cylinder. 

The design-pftper, or rather 
two rows of large blocks of 
paper, full width, are shown at 
13 and 14 on the board 2, and 
the first horizontal row of small 
squares is illustrated at 15, each 
small square containing a num- 
ber 1, 2, 3, 4, or 5. These num- 
bers are placed on the design- 
paper to indicate five different 
colours, which in the general 
and simplest acceptation means 
a design for what is technically 
termed a 5-frame Brussels or 
Wilton carpet. The blocks 13 
and 14 are made perfectly square, 
as usual, but enlarged, and as 
illustrated are intended to re- 
present 8 small squares each way. 

Other numbers in the way of the weft are used in practice, the limits 
usually being 6 and 10. 

If we take the holes in plate R, Fig. 91, to represent the positions of 352 
needles of the jacquard, the first or leading needle would be represented by 
the hole 16. Five hooks for the five different colours are operated by four 
needles in the first row— those opposite hole 16 and the next three holes — 
and other five hooks are operated similarly by the remaining four needles 
in the same row. Consequently ten coloured threa(^<, two of each colour, 
are controlled by each short row of eight needles. It is unnecessary here 




124 


JACQUARDS AND HARNESSES 


CHAP. V 


to say mor« about the jacquard than to state that blanks instead of holes 
opposite the first four needles result in colours 1, 2, 3, and 4 respectively 
being lifted, but not more than one blank can appear in each group of four ; 
whilst no blank — i.e. 4 holes in one group — ^results in the 5th colour being 
lifted. Not more than one colour out of five is up at a time. Each group 
of four acts similarly on its corresponding group of five hooks and five 



colours. It will thus be seen that although there are 352 needles in 
this section of the jacquard, and provision for lifting 440 threads, there is 
only one thread lifted at a time for every four needles, and consequently the 
number of small squares in one horizontal row of the design-paper will be : 


352 needles 
4 needles per group 


= 88 ; 


440 coloured threads 
5 threads per group 


88 , 
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and these 88 small squares are represented on the first line of the design- 
paper, and nparked 15. 

Now let us consider the arrangement of the punches in the punch plate 
U, Fig. 91, to secure an effect of five colours in the cloth according to the 
arrangement of the five numerals on the design-paper, keeping in mind that 
a blank opposite 1, 2, 3, or 4 causes the corresponding colour to be lifted, 
and 4 holes causes the fifth colour to be lifted. Also read the short rows in 
the punch plate U as being composed of two sections, 1, 2, 3, 4. and 1, 2, 3, 4, 
instead of 1, 2, 3, 4, 5, 6, 7, 8. 

In the first short row on the left on plate U there is a blank in the first 

])osition which shows that 
colour 1 is raised from the 
first group ; a blank in the 
same short row in the 
fifth place — i.e. opposite 
the first place in the 
second group of four — 
also shows that another 
thread of colour 1 is raised 
alongside of its neighbour 
but in a separate split of 
th(f reed. In the third 
split of the reed another 
thread of colour 1 is raised 
because there is a blank 
opposite the first needle 
in the second row ; while 
four holes opposite the 
last four needles in the second row shows that colour 5 would be raised in 
the fourth split. This order, 1, 1, 1, 5, is the same as that of the first four 
small squares on the design-paper. Similarly, throughout the row for this 
card — . 

If colour 1 is to be raised, a blank will appear in the Ist place ; 

» 2 „ „ „ ,, 2nd „ 

»’ 2 »» >» M M Ilrcl „ 

» 4 »» »* M 4th „ 

»» 5 „ no blank will apjK^ar. 

The card-cutter thus selects the blanks according to the colour required, 
and naturally withdraws the punch at this place, if it had not been absent 
for the previous card. All the other punches for the figure, in addition to 
those marked W for the lace holes and those marked for the peg holes, 
remain undisturbed. 
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The catches 17 in Eig. 91 are controlled by two pins in a sliding bar, and 
are held in their present positions by means of a spinal spring attached to 
the frame and to the left-hand end of the sliding bar. The spring yields, 
and the catches move to the right when the hinged plate R is closed down*, 
but immediately the plate R occupies its lowest position the heads of the . 
catches protrude through the holes, and are drawn forward to the left to 
their present position by the spring and sliding bar. The catches thus hold 
the hinged plg^te R down securely, and as they rise, due to the upward motion 
of the block N, they enter the rectangular holes 18 in the punch plate U. 

After the card has been cut, the card-cutter lifts the punch plate U and 
places it in its present position on the top of the punch box ; she then draws 
to the right one of the catches 1 7, which, in virtue of the connection with the 
sliding bar, draws the other catch 17, and then by means of projections 19 
rotates the plate R about its hinges 20 and hinge rod 21 until it assumes the 
position indicated in Fig. 88. It is, of course, essential that each card 
should be cut at the proper places with respect to the ends and sides, so that 
it will fit correctly on the cylinder of the jacquard and operate correctly on 
the needles of the jacquard. The exact size of a card for a five-frame 
jacquard is indicated by the rectangle 22, Fig. 91, and this shows that the 
back edge of the card comes against the hinges 20, the front edge against 
two small pins 23, and the two ends of the card against the bases of the 
upright pegs 24. The^atter also serve as a support for the hinged plate R. 

The same lettering as in the above figures has been used in Fig. 93. In 
this figure the hinged plates Q and R are shown opened full out, although 
it is unnecessary, and indeed impossible, to open them out so far in the 
machine. The dotted rectangle illustrates the space occupied by a five- 
frame card. A sectional view through the part for cutting the lace holes 
appears in Fig. 94 ; the arrows show how the plate R is rotated with respect 
to plate Q, the rotation being only through 90°. The end of the card is 
shown in solid black in this view. 

When cards are required for a six-frame Brussels or Wilton, a ten-row 
jacquard is necessary, and hence ten rows must be provided in the punch 
plate U and hinged plates Q and R. It is unnecessary to illustrate more 
than one of these, and plate U in Fig. 95 has been prepared for this purpose. 
In a similar manner to that already described in the five-frame Brussels, a 
blank opposite any of the needles which operates the hooks or cords con- 
trolling the five colours results in the corresponding colour being lifted, while 
five holes opposite the needles constituting a group results in the sixth colour 
appearing on the surface of the cloth. 

A six-frame Brussels or Wilton jacquard could be made on exactly the 
same principle as a five-frame machine — i.e. so that the first five holes in 
each short row should form one group for operating six colours, and the 
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second five holes in each row to form another group. This arrangement 
would be quite satisfactory provided that all the carpets were of the six- 
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frame quality. If, however, both five-frame and six-frame qualities were 
required to be made in the same loom, some difiiculties would arise with the 
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above arraDgement. It is for the convenience of being able tg make six- 
frame, five-frame, or any other quality in the same Ibom, usually the first 
two, that the needles of a six-frame jacquard are arranged as follows ; 



1st Oroup, 
operatinp Odd 
Splits in Itred. 

2nd Group, 
nperatlnp Even 
Splits in Heed. 

Colour of Thread on Surface of Cloth. 

Blanks * 
opposite 
needles. 

1 

4 

5 

6 

Five holes 

2 

7 

8 

9 

10 

Five holes 

Controlling, say, bine threads. 

,, red -brown threads. 

,, orange threads. 

,, ,. drab threads. 

,, ,, sage-green threads. 

,, ,, scarlet threads 


Each short row of the card would thus be made up of two sections or 
groups as above, and illustrated in Fig. 96. 


ingroup 





Fig. 97. 


Blank opposite 1 or 2 means blue thread lifted in corresponding split. 

M „ 3 „ 7 „ red-brown „ „ „ 

„ 4 „ 8 „ orange „ „ „ 

M 5 „ 9 „ drab ,, „ „ 

M ,, 6 „ 10 „ sage-green „ „ „ 

Holes opposite 1 , 3, 4, 5, 6, means scarlet thread lifted in odd split. 

» » 2, 7, 8, 9, 10 „ „ „ even „ 

■ 

Returning again to Fig. 95, it will be observed that there are five holes 
in each row where the lacing holes are cut, but four only are used. The 
plate U, however, is made to enable cards to be cut for either a five-frame 
or a six-frame Brussels or Wilton. If the two bottom long rows in Fig. 95 
be neglected, the holes would be identical with those in the plate. Fig. 93. 
When the plate is used for six-frame Brussels cards these two long rows are 
naturally utilised along with the other eight holes, and in two sections as 
explained above in connection with Fig. 96. The bottom hole in each row 
of lacing is also used, but the middle hole 27 is then omitted. The punches 
for the lace holes and for the peg holes are not disturbed unless a change is 
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made from^a five-frame to a six-frame, in which case, of course, the middle 
one 27 only i6 moved' to the edge, but the peg punches remain in the same 
position for both sets. The ordinary punches are altered according to the 
design, and in all cases the sizes of the punches are the same, and are similar 
to those shown at W and in Fig. 97. These have been drawn to a larger 
scale. In the plate U, Fig. 95, slots 28 are cut in the plate, and these serve 
the same purpose as the handles Z in Fig. 91. 

The jacquard loom illustrated in Fig. 34 is a five-frame machine, and two 
of the frames, with their bobbins, can be seen distinctly behind the loom 
proper. 

The reader will understand that Brussels carpet designs are practically 
identical in colour with the loops on the surface of the cloth, although cloths 
of different colours made from the same design may be, and often are, 
woven. The sizes of the small squares or rectangles in the design-paper are 
also proportionate to the number of loops in the width apd the number of 
wires in the length of the cloth, and are usually the same size or approxi- 
mately so. Consequently, Fig. 98, which is really a photographical repro- 
duction of part of a five-frame | Brussels carpet, may be taken to represent 
the design-paper. The full capacity of a j acquard for such a carpet embraces 
three sections, each of which is the same size as that represented by the 
card in Fig. 91 for operating 352 needles and 440 harness cords, or altogether 
1056 needles and 1320 harness cords. Instead, thei'^fore, of the full design 
there would be only one-third of that represented in Fig. 91 on the reading 
board. The full capacity of the machine provides for displaying 264 loops 
in a f carpet ; that shown in Fig. 98 contains 256 loops. 

It will be seen that no weave of any kind appears in Fig. 98, and there- 
fore none will appear on the design-paper; this is because the fabric is one 
of those special types for which it has been found advisable to construct 
special machinery — the mechanical parts of which operate the threads for 
the actual interlacing, with the exception of the pile threads on the surface, 
independently of the jacquard. In other words, the actual structure of the 
foundation 6f the carpet is simple, and is obtained by the use of tappets. 
(For illustrations of the structure of these and other carpets see pp. 394 to 
414, Textile Design : Pure and Ap'pUed, by T. Woodhouse and T. Milne ; 
Macmillan & Co., Ltd., London.) 

Now in all such designs it will be evident that there are several succes- 
sive rows of loops in the cloth, or colours on the design-paper, which differ 
little from each other, and when this is the case, and there is no weave to be 
considered, the plate machine is very efficient. There are, of course, plenty 
of changes to make in every design, and particularly so where horizontal lines 
or mixed effects appear, and both these types of ornament are prominent 
in Fig. 98. 
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Two successive lines in an ordinary design may be exactly the same so 
far as the varihus groups of figuring threads are concerned, but since the 
w^ave almost invariably alters from one of these picks to the other, it is 
necessary to read the lines for both cards as if they were altogether different, 
and hence, except in the simplest ornament, there is no saving in time no 
matter how similar the figuring groups may be on successive threads. On 
the other hand, if two successive lines of a Brussels or Wilton carpet design 
are the same so far as the arrangement of the colour is concerned, there is 
no alteration to be made with the punches, and the two cards may therefore 
be cut quickly, and indeed simultaneously, as explained in connection with 
Fig. 92. In a similar way the various lines as a rule change more or less 
gradually, and when this is the case there may be very few punches to 
remove from the punch plate from line to line of the design. The plate 
machine is also made to act as a kind of duplicating or repeating machine. 
For this work the plates Q and R are made slightly differeitt in order to be 
able to cut two cards at once. 

Some years ago special gearing was added to the plate machine for the 
purpose of lifting off the punch plate U automatically, but several accidents 
resulted from the machines so fitted, and it was considered advisable to 
discard the special gearing. In some districts the carpet jacquards are 
arranged so that a hole results in a hook being lifted. The cutting is then 
rendered more simple, and the cards, having fewer hofes, have not the same 
tendency to break. 



CHAPTER VI 

COMPARISON OF DIFFERENT PITCHES IN JACQUARD CARDS 

With very few exceptions, the holes in jacquard cards are in perfect straight 
lines, although the size of the holes and the distance between each pair may 
vary according*to whether the cards are intended to operate the needles in 
the so-called ordinary-pitch, medium-pitch, or fine-pitch machines. The 
division into the above three defined pitches is, however, not quite correct, 
for the change from the coarsest pitch to the finest pitch is pretty gradual ; 
the definition, however, seems to be quite satisfactory in the various districts 
where two or more different pitches are in use, as it enables the operatives to 
distinguish between them. A few typical examples of cards of difierent 
pitches and difiereni sizes of holes are illustrated in Figs. 99 to 105, and it 
will be seen that the decreasing pitch from the card in Fig. 99 to the card 
in Fig. 105 is more or less gradual. Table IV. supplies several par- 
ticulars concerning the above seven kinds of cards, and also serves to 
demonstrate the diversity which obtains in this branch of weaving. 

In every case in these examples the holes, which are often utilised for 
selvages, for simple tape weaves near the selvages of the cloth, and for other 
purposes which fall outside the scope of the actual figuring threads in the 
fabric, are omitted. When the weave for these selvage and other threads 
is complete on 2 or 4 picks, and the 4-sided cylinder makes a quarter turn 
every pick, it is a common and good practice to have the 'needles of the 
jacquard bent so that their ends may occupy a position in the needle board 
clear of the card, and therefore free from the control of the card. The four 
sides of the jacquard cylinder opposite these extra needles are drilled and 
the needles are operated from these rows. If tacks be driven into those 
holes, which in the ordinary way should be covered by blanks in the card, 
the heads of the tacks serve the same purpose as blanks, and hence any 
simple weave on 2 or 4 picks to the round can be arranged. The selvages or 
other simple parts are then clearly controlled independently of the jacquard 
cards. Instead of tacks, small wooden pegs may be used to block up the 
holes. If, on the other hand, the weave exceeds 4 picks to the round, or if 
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pattern, and hence the cards must be cut to operate these needles in the 
spare rows on the proper picks. These extra needles and hooks invariably 
occupy positions in the machine which are approximately in line with the 
same row as one or both of the peg holes in the cards in Figs. 100, 101, 102, 
and 103. In the card shown in Fig. 104 the same provision may be made 
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near the two outside peg holes, and, if necessary, also near the centre peg 
hole. As a matter of fact, in this particular case an eltra full I’ow of needles 



Fig. 104. Fig. 105. Fig. 106. Fig. 107. 


and hooks may be arranged opposite the row of smfill circles A mentioned 
in Table IV. 
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Table IV 


Number 
of Card. 

Pitch. 

Type of Card 
or Machine. 

Over-aii 
Dimensions 
in Inches. 

Particulars of Sliort 
Rows. 

Total Capacity. 

Pitch of 
Holes . 

Fig. 99 

Ordinary Britisli. 

5-frame Brusseis 
carpet. 

17j|x2iJ 

ISroM'sx 8 = 120 1 

14 „ X 8 = 112 !■ 

15 „ X 8=120 j 

352 holes 1 
operating } 
440 hooks, j 

0-3125 in. 

M 100 

Ordinary British. 

400*8 jacquard.* 

16vV''2,v, 

26 rows X 8 = 208 ] 
25 „ \ 8 = 200 ( 

. 408 

0-2644 in. 

„ 101 

Medium British. 

1200’s jacquard. 

19, V ^ 

38 rows X 16 = 608 \ 
37 „ X 16 = 592 i 

1200 

0-2138 in. 

M 102 

Medium British. 

1040’s jacquard 

10,^x3l 

33 rows X 16 = 528 i 
32 „ X 16 = 512 1 

1010 

0-2045 in. 

n 103 

Medium British. 

660*8 jacquard. 

131x22 

28 rows X 12=336 \ 
27 „ X 12 = 324 1 

660 

0-1942 in. 

„ 104 

Medium American 
and British. 

131 2*3 or 1328*s 
jacquard. 


41 rows \ 16 = 6.56 1 
41 ^ 16 = 656 

1312, or 1328 \ 
if row 

^ indicat.ed by v 
letter A is 
introduced, j 

0 1875 in. 

„ 105 

Fine Vineenzi and 
British, 

1320*s jacquard. 

148 <23 

2 rows 14=28 \ 

24 „ >. 16=- 1584 

2 „ N 14 = 28 1 

Repeated 3 times. 

440^3 1 

- 1320 1 

0-1555 in, 

• 


• The 6()0’s fard of the same yuteh is the a;nne leiigtii, hut has 12 iioles ])er short row instead of 8 
lioles, while the OOO’s card is the same width as tlie CUO’s hut longer 


The card illustrated in Fig. 105 differs from all the others in that all the 
extra holes in line with the six peg holes are utilised for figuring purposes. 
The omission of these 1 2 partially filled rows would naturally decrease the 
capacity of the machine by 168' needles — much too large a number to 
dispense with. At the same time, their introduction involves difficulties 
in other ways. The design-paper for use in connection with 1 6-row machines 
is usually ruled in vertical rows of 8, and such ruling is evidently quite 
suitable for the full rows of the card in Fig. 105. In the broken rows, 
however, there are only 14 holes, or two groups of 7, and it is clearly un- 
desirable and practically impossible to leave two unpainted rows of small 
squares in every 16, or one in every 8, on the design-paper to allow for the 
two needles and hooks missed in each row. In each of the two sections 
marked B and C there are 4 rows x 14 per row = 56 holes, and although the 
design-paper is ruled in 8’s, and the design painted in the usual way, the 

7 blocks of 8 on the design-paper which correspond with these 56 holes are 
re-ruled into 8 blocks of 7. Similarly, 3^ blocks of 8 would be re-ruled into 
7*8 for the two sections D and E, commencing with a half block, so that the 
last 7 would finish on a heavy line and join up perfectly with the full rows. 
The design-paper would contain altogether the equivalent of 165 blocks of 

8 if all the needles of the machine were in use. Thus 
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1320 -r 8 = 165 full blocks ; but arranged 
Half block - 4 • 

164 full blocks = 1312 

Half block = 4 

1320 needles. 

Figs. 86 and 87 illustrate the headstock of the piano machine in which 
the card illustrated in Fig. 102 was cut. As already mentioned in the 
description of the above headstock, it is a difficult matter to control 16 keys, 
and hence the process of cutting is slow. Thus 

700 to 800 cards per day may be cut from common harness designs ; 

500 „ 600 „ „ full harness designs ; 

but Only about 200 per day can be cut on the 16-row machines from full 
harness or brocadf; designs unless the cutter has had considerable experience 
and the design is a simple one. In certain instances where it has been found 
economical to use a 16-row machine the card has been cut in two distinct 
operations — i.e, one half the card from end to end cut with 8 keys and 8 
punches, and then the second half of the card cut with an adjoining set of 
8 keys and 8 punches. In this case it would be necessary to read alternate 
blocks in the design-paper for each section — odd blocks for one section and 
even blocks for the (jtlier. This departure from the ordinary method of 
cutting a complete row, or all which are required to be cut in a complete 
row, had for its object the simplification of operating the keys, and for the 
same reason there is still a tendency on the part of several firms to adhere 
to the 1 2-row machines, and so employ a number which can be conveniently 
and quickly operated. The card in Fig. 103 illustrates one way of utilising 
this number for a 660’s machine, and there are others. One machine, which 
works splendidly, contains 900 needles, with the usual extra needles, if 
desired, in line with the pegs — say 916 needles in all, and arranged as 
under : 

38 rows X 12 jier row . . . ^ 456 
37 „ xl2 „ . , -444 

2 broken rows x 8 per row . . = 16 

616 

The card measures 17 in. by 3 in., and the pitch of the holes and needles is 
the same as the corresponding values for the card in Fig. 103. 

The various kinds of cards and pitches illustrated in Figs. 99 to 105 
provide a great range, and one would scarcely think that there was room 
for any others. Nevertheless several others have been introduced, and 
these include not only the straight-lined arrangement as illustrated in the 
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above seven examples, but also tbe zigzag arrangement. The chief 
features in the latter are 

' 1. The fact that the unique distribution of the holes minimises the , 

danger of breaks in heavily punched cards ; and 
2. That space is utilised to the best advantage. 

On the other hand, the arrangement necessitates slight structural 
alterations in the jacquard, and complicates considerably the card-cutting 
machine. 

The general distribution of the holes in the card is illustrated in Fig. 106, 
and a r2-row card for a 900’s ordinary British pitch jacquard is shown in 
Fig. 107, so that the two may be compared. 

Card in Fig. IOC : 38 rows x 1C, or 76 rows ^ 8 - 608 
38 „ xlC, „76 „ >8=608 

1216 

1216 lUH'dles for an 18 in. x 3 in. card ; 

1216nmllcs 

or — : =22-;>10 ncodlcs iht so. in. 

is m. X 3 in. 

('arc] in Tig. 107 : 2.’) rows • 12 row 300 
2.7 >12 

2.7 „ 12 „ 300 

O(M) 

9(K) needles for a 23 in. x 3 J in. card ; 

000 needles* 

or ; — — 11*18 needles per so. in. 

23 in. X 3.1 in. ^ ' 



CHAPTER VII 


ZIGZAG CARD-CUTTTN(i MACHINE FOR STIFF TAPER CARDS AND TOWER 
CARD-CUTTIN(J MACHINE 
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Figs. 108 to 110 illustrate one type of piano-machine headstock for cutting 
the zigzag rows sinfllar to the card in Fig. lOO. The method of fixing the 
headstock to the cross- 
. bar is exactly the same 
as that ad{^pted in other 
piano machines — i.c. 
the cross-bar is placed 
on the screwed rods A, 

Fig. 108, between the 
nuts B, and the latter 
are then arranged to 
hold and to lock the 
cross-bar in its proper 
position. Figs. 1 09 and 
110 show clearly that 
there are 16 punches 
arranged in two rows 
— the second set D of 
8 being ])laced midway 
between those of the 
first set C, and, of 
course, in a different 
horizontal plane. The 
chief difficulty in cut- 
ting cards in such a machine is that of controlling the keys, for 8 ordinary 
keys E have to control the 16 punches C and D. An ordinary key F 
operates the punch G for the peg hole. The cap H, Fig. 108, and the 
upper plate J, are removed in Figs. 109 and 110 ii order that all the 
essential parts may be exposed to view. A groove is cut in the lower 
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rectangular plate K to admit the sliding bar L. Eight grooves are cut 
in the upp^r part of this bar, and the ends of the keys E are entered 
into these grooves. The right-hand end of the rectangular plate L is 
turned down and passes through a hole in the bracket M fixed to the 
headstock. On this circular part of L is placed a spring N, which always 

tends to keep the plate 
to the left, with its ex- 
treme rounded left end 
pressing against the 
cam 0. This cam is 
circular, and is com- 
pounded with ratchet 
wheel P and hand- 
wheel or disc Q. A 
view of these parts, looking towards the left in Figs. 109 and 110, is 
shown detached at R in Fig. 108. 

The face of the cam 0 consists of alternate shallow and deep recesses, 
and in Fig. 109 the rounded or pointed end of plate L is in one of the deep 
recesses, and hence the plate occupies the extreme left-hand position with 
the ends of keys E pointed towards the second row of punches D. On the 
other hand, in Fig. 110 the end of plate L is in one of the shallow recesses, 
and consequently the plate L is in the extreme* right position, with the 
spring N compressed 
and the ends of keys E 
pointed towards the first 
row of punches C. The 
latter view represents 
the position of the keys 
E when the actual cut- 
ting is commenced. The 
card -cutter presses in 
those keys E which represent the painted i)arts in the first block of 8 on 
the design-paper, so as to place the ends of the keys over the respective 
punches C, and presses down the right treadle in the usual way. He or 
she then presses down the left treadle, which causes the headstock to 
rise, and as the latter rises, one of the teeth of the ratchet wheel P 
comes into contact with a fixed pawl, not shown, and thus the com- 
pounded parts 0, P, and Q are rotated through of a revolution. In 
doing so the gradient of the cam allows the spring N to force the 
plate L to the left, and to carry the extreme rounded end into the 
lower part of one of the deeper recesses as illustrated in Fig. 109. This 
naturally carries the keys opposite the punches D, when a similar 




Fig. 109 . 
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downward movement of the right treadle, with the coirect keys pressed in 
to correspond mth the painted part of the second block' of 8 in^he design- 
paper, causes the required holes in the second row D to be cut. , It will 
thus be seen that the plate L, through the medium of the parts N, 0, P, 
and Q and the fixed pawl, carries the keys E first to left and then to right 
for each pair of short rows C and D. Now, it is evident that since there are 
two sets of punches C and D to be operated at different times, the carriage 
will require to piove only every second tramp of the left treadle, and not 
every tramp as in the ordinary machine illustrated in Fig. 68. This being 
so, the left treadle (see J in Fig. 68) must not be connected directly with 
the handle Z by rod Y, otherwise the carriage would move every tramp of 
the left treadle. For the zigzag pitch machine an upright catch or pulling 
pawl is attached to the left treadle, and this catch comes into contact with 
a 6-toothed or 8-toothed ratchet wheel, supported by and free to rotate on 
a cross-shaft, ever}* time the left treadle is depressed, rotating the ratchet 
wheel one tooth at a time. Compounded with this ratchet wheel is a 6 or 8 
.to the round cam, the outline of which consists of alternate projections and 
recesses ; these parts are presented successively to a special lever attached 
to handle Z by a rod similar to Y. One or other of the three or four pro- 
jections comes into contact with, and depresses, this special lever every 
second tramp of the left treadle, whereas on the other tramps the recesses 
come opposite the lever fo allow it to rise through the influence of a spiral 
spring and thus enable the handle Z to occupy its highest position. 

Even at its best it wilhbe evident that the smooth working of the parts, 
and particularly that of the cam 0, Figs. 108 to 110, against the end of 
plate L is difficult to achieve. All the key?5 are on the same level, and so 
are the tops of the punches C and D, so that very accurate adjustment is 
necessary to obtain correct results. 

Another method is illustrated more or less diagrammatically in Figs. Ill 
to 117. Fig. Ill is an inside elevation of the eight keys E, the part T being 
a horizontal projection from the inside face of the key ; Fig. 112 is a plan 
of the 8 keys E together with 16 supplementary keys R and S in two planes, 
and the disposition of the 16 punches C and D ; the large black circle is the 
peg-hole punch. Figs. 113 to 117 illustrate the action of the stem T of the 
keys E on the supplementary punches R and S. In this machine the two 
sets of punches C and D are operated by two distinct sets of supplementary 
keys R and S, each pair of which is in turn controlled by a single key E. 
There are thus only eight keys E for the cutter to operate. In this arrange- 
ment the keys E are provided with a projecting part T, and it is the end of 
this part T which operates alternately the upper and lower supplementary 
keys R and S. It will thus be seen that the kejrs F must rise and fall 
alternately in order that the parts T may be brought opposite to the two 
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sets or rows of supplementary keys R and S. The mechanism for imparting 
this up-and-down ' motion to the keys E is not shown, neither are the 
brackets for supporting it shown. It will be understood that the keys E, 
as well as the supplementary keys R and S, will require springs for returning 
them to their normal positions wdienever the former are released by the 
fingers. 

The two positions of the keys are illustrated in Fig. 113, while Fig. 114 
shows three positions ; 


Isl. Key E press(‘(I in, and supjilenientarv k(\v ^ forced over imneli C ; 
2nd. Key E j)ress(‘d in, and .sujijdenienlaiy key R forced over ])uneh ; 
.‘Jrd. Key E and su})j)Jeinentary keys R and S out of action. 



Fig. 112, 


It will be understood that supplementary keys R and S cannot be 
pushed forward at the same time. For the first action, the supplementary 
keys S will be pushed over the punches C, while in the second action the 
supplementary keys R will be pushed over the punches D. Both actions 
are illustrated in Figs, ] 13 and lU. 

Fig. 115 illustrates the part T of a key E as having pushed a supple- 
mentary key R over its punch D, while Fig. 116 shows the same key E with 
its part T in contact with a supplementary key S, the end of the latter being 
over its punch C. An end view of the parts R, S, D, and C appears in 
Fig. 117. 

The treadles of all the foregoing piano card-cutting machines are 
operated by the card-cutter’s feet, in short, the machines are .so-called ' 
hand-power or foot-power piano machines. The one illustrated in Fig. 118 
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is also operated in the same way. The latter is an American type, and it 



DC DC DC 

l^ia. 115. Kio. 116. Fig. 117. 


will be seen that ^he straight edge is moved from line to line by means of 


the central hand wheel, 
the long horizontal shaft, 
and the two pairs of bevel 
wheels in connection with 
the upright screws. The 
machine is j)rovided with 
adjustable foot-pedals a:)r 
treadles to make the power 
applied suitable for the 
cutting of thin or thick 
cardboard cards, or to 
enable two cards to be 
cut simultaneously, one 
below the other, for two 
different sets. Otherwise 
the machine differs only 
slightly from the English 
make illustrated in Fig. C7. 

Such machines, how- 
ever, are occasionally 
driven by power, and Fig. 
119 represents a machine 
so driven. The frame- 
work is constructed to 
suit this method of 



Fig. 118. 


• driving, but the usual treadles are retained; they are used solely, 
however, to apply and disconnect the power. treadle is used to 
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connect the friction-clutch attached to the fly-wheel to start the machine, 
while the ‘cipher tretdle is employed to disconnect the friction-clutch in 
order to stop the machine. The treadles are easily and quickly controlled ; 
dndeed this is necessary, because the eye and the fingers determine the 
moments for the punches to act. 

Both foot-power and power-driven machines are made to cut cards 
from IOC’s to 900’s jacquards of the French index, but arrangements may 

be made to cut TiOO’s cards when 
desired, as well as cards for the 
fine-scale 1304-needle jacquards. 

Accessories. — Mistakes often 
appear in the various sets of cards ; 
in some cases holes are found 
where blanks should be, and vice 
versa. The holers which are not 
wanted are often blocked up with 
the small discs which have been 
punched out of the cards ; the 
part may then be glued so that 
the disc will not be })ushed into 
the cylinder by the needle of the 
jacquard, perhaps a glued piece 
of strong tough paper may 
be placed over the defective 
place. Special patented attach- 
ments may be had for the same 
purpose. 

On the other hand, when extra 
holes have to be punched at those 
places missed during the punching 
operation, these holes have to be 
made in the otherwise perfectly 
perforated cards by special types 
of punches provided with long jaws capable of reaching at least to the 
centre of the short row of the widest card in use. A handy j)unch for 
the purpose is illustrated in Fig. 120, its chief feature being the fact 
that the punch-holder is made of a size to facilitate the correct selec- 
tion of the point at which to punch the required hole. In the illustration 
the under part of the jaw is below the cards, and the punch is operated, 
as demonstrated, by a lever. 

Another type of single-hole puncher for the same purpose, and one 
which is largely used, is that illustrated in Fig. 121. There are also 
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modifications of this, and in each case different punches are provided to 
suit the size of hole required. ^ 

Although the different pitches and methods of cutting cards made from 
comparatively stiff cardboard already described do not exhaust all the 
systems and kinds in use, the 
former serve to demonstrate 
the great diversity of pitches 
and the man}^ attempts which 
have been made to economise 
in the use of paper. And this 
attem])t at economy is quite 
independent of that which is 
so successfully accomjhshed 
with regard to special jac- 
quards. With <he present 
rapid changes of style and 
demands in almost all branches of fancy weaving, it is the exception rather 
than the rule for a set of cards to be completely worn out ; hence the full 
value of the cards in such a set is not obtained, and the expenditure in 
cards is naturally raised. Even in those cases where a successful run on 
any particular design continues until the cards are pierced by the pressure 

of the needles, by the pegs 
or pivots, and otherwise 
damaged until they are no 
longer fit for service, the 
cost of cards is a serious 
item. It may perhaps be 
argued that an inferior 
quality of card should be 
used for those sets which 
are not expected to be 
utilised for a considerable 
time ; but such expedients 
for the sole purpose of 
cheapness often prove to be false economy. A changeable climate such as 
that which obtains in this country affects the cards considerably, and if there 
is any shrinkage or expansion in the cards, differing, as they invariably do, 
from the corresponding infinitesimal alterations in the pitch of the needles, 
it is quite evident that the holes in the cards will no longer coincide with the 
points of the needles, and hence faults will appear in the cloth causing 
damages if they are not removed, and waste as well as decreased production 
if they are removed. 




Fig. 120. 


L 
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Cards ipade from a common quality of paper usually expand much more 
in damp wea4}her thin do similarly sized cards of a better make, and one of 
the methods employed to test the value of cards with respect to their power 
of resisting the action of a humid atmosphere is to soak a sample of each 
kind in water, and then compare their lengths with unsoaked cards of the 
same quality, or with the actual lengths of the cards measured before soak- 
ing. The better-class cards are, in general, affected the least, and for this 
reason many firms prefer to use them in preference to employing the cheaper 
grades. The weights of cards for the same machine will obviously vary, 
partly on account of their solidity and the material from which they are 
made, and partly according to their thickness. And it is only natural to 
expect that the degree of expansion will not only be influenced by the 
quality of the paper, but also by the thickness of the card, and to some 
extent by the nature of the raw material. The following table should prove 
of some value to those interested in this branch, as it represents observations 
made on six different kinds of jacquard cards for use on 600’s machines : 


Xutnl)er of 

Card. 

Average Number 
of Cards per Lb. 

Length in Drv 
State. 

L(‘ngti) after .30 
Minutes’ Immersion. 

Increase in 
JA-ngtli. 

1 

2 

3 

4 

5 
() 

11-55 

11- 65 

12- 34 

13- 03 

14- 13 

14-34 

1 

In. 

16i 

16J 

16^ 

16jj'2 

In. 

16^ 

16-2 

In. 

V'a 


Card No. 1 is the most expensive of the six kinds, and hence, from the 
point of view of resistance to change of length when under the influence of 
moisture, is likely to give the best satisfaction. On the other hand, it will 
be observed that it is the heaviest card in the lot, and would therefore prove 
costly, but it might, nevertheless, resist the action of the needles as well as 
the weather much better than any of the others, in which case it would 
probably be even more economical if the cards are likely to be used until 
they are unfit for the work. For resistance to wear and tear, it is a good 
plan to compare the value of cards by using a few of one kind along with 
others in the same set. 

A few remarks concerning the approximate cost of making a design and 
performing all the subsequent operations required preparatory to actual 
weaving will show conclusively the important part which the cost of cards 
plays in actual manufacture with respect to the other requirements. No 
actual or definite price can be fixed with regard to the original sketch for any 
given size of cloth, nor even for a given size of sketch. Altogether apart 
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from the size of the sketch, its price will be obviously influencecl greatly by 
the status of the designer, and in a lesser degree by the circumstances which 
demand or prompt the creation of the design, by the amount of detail 
which appears thereon, and by the class of fabric upon which the design is 
intended to be displayed. On the other hand, more or less uniformity in 
prices obtains for all succeeding operations, although even here differences 
obtain according to circumstances and skill. It is therefore quite im- 
possible to reduce the actual cost to a common level. It is equally im- 
possible to obtain an actual standard cost of production in those cases where 
manufacturers employ their own designers, although each firm may clearly 
be able to make a near approximation to its actual expenditure with respect 
to the number of sketches produced in a given time. When, however, a 
manufacturer buys his sketches and point-paper reproductions ready for the 
card-cutter, there is always a definite charge which can be placed alongside 
the cost of cards, card-cutting, lacing, lacing twine, wires, and wiring. In 
certain cases a definite amount is paid for the sketch, and then the trans- 
ference to point-paper is usually paid by the number of square hundreds of 
small blocks. Thus, a design on 300 threads and 300 picks contains ; 
3x3 = 9 square hundreds. Similarly, a design on 400x400 = 16 square 
hundreds, and a design on GOO x 600 = 36 square hundreds, and so on. 

The same sketch, although not suitable for reproduction in all sizes, can 
often be used for more than one size of design, and in many cases a sketch 
which is intended to be reproduced on a small number of square hundreds 
may be much more complex than a sketch which has been made for repro- 
duction on a very large number of square hundreds. There are thus very 
satisfactory reasons why the sketch, under certain circumstances, should 
be sold independently of the point-paper design. And in many instances 
somewhat similar conditions necessitate a departure from otherwise 
standard prices with reference to the painting of the point-paper design. 

For example, a point-paper design on 600 threads and 600 picks made 
from a sketch intended to be reproduced in a fancy silk, cotton, or worsted 
fabric may require a large number of different weaves — sometimes intricate 
ones — ^in the ground and figure, whereas the point-paper design made from 
a somewhat similar sketch designed for a linen table damask to be woven by 
a twilling jacquard loom may be altogether devoid of weave structure, and 
even if shading or medium shades are introduced into the latter design the 
amount of work per square hundred on the design-paper will be much less 
than the corresponding work on the area for the silk design. Moreover, in 
the case of the design for the above-mentioned silk fabric there may be only 
one sheet of 600 threads and 600 picks, or 36 square hundreds, whereas the 
point-paper design made from the sketch for the fine linen damask may 
consist of anything up to nine large sheets, or even more, each sheet 
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containing^ from 600 threads and 600 picks to 600 threads and 900 picks. 
That is, 6 X 6 X 9 = 3^4 square hundreds in the first case, and 6x9x9= 486 
square hundreds in the second case. 

The conditions appertaining to the silk fabric are more or less general 
with respect to several other types of fabrics — e.g. tapestries and the like. , 
It will thus be seen that whatever be the price paid per square hundred there 
is a considerable difference between the areas, and that in those cases where 
a large number of design sheets are required from the same sketch, it becomes 
a feasible plan to include the sketch in the price paid per square hundred for 
painting the design for a common harness, or for painting and twilling for 
a full harness or brocade design. Except in special circumstances, the price 
per square hundred to include sketch, paper, painting, and twilling for linen 
damasks, quilts, and similar goods where no weaves, or at the most simple 
weaves, are required, varied in pre-war times from lOd. to 2s. ^ Hence, if 
we take the comparatively low price of Is. per square hundred, the cost for 
100 picks of a 600’s design will be 6s. 

Let us suppose that a good class card, say at 3d. per pound, is used for 
such a design, and that there are approximately 1 1 cards per pound as in 
No. 1 in the above table. We should have 


100 cards 
11 per pound 


= approximately 9 lb., 


and 9 lb. x 3d. per pound =2s. 3d., actually more than one- third of the total 
cost of designing, painting, and twilling. And if the cards are only 2d. per 
pound and the same weight, the cost of cards alone is one-quarter that of 
the designing. It is only fair to mention that many firms use much lighter 
cards, say about 16 to the pound. In addition to this cost of cards there is 
the remainder of the work tabulated as under : 


8. d. 

600’8 machine : 100 cards . . . .23 

Cutting for 100 cards 0 8 

Lacing for 100 cards 0 3 

i lb. lacing twine 0 9 


3 11 


It need hardly be mentioned that there are very good reasons for the 
many attempts which have been made to substitute very thin paper for the 
well-known stiff cards, for by the use of the former a much less weight of 
paper is used, and all lacing and wiring, with the necessary materials, are 
dispensed with. 

Fig. 122 illustrates this thin paper, which is cut for use on the Verdol 


Please note : since prices are not yet settled, all items below are pre-war values. 
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machine, such as that illustrated in Fig. 363. Two fully cut ca^ds, or their 
equivalent, are illustrated in the upper figure, and two partillly cut cards 
in the lower figure. The capacity of the machine for these cards is repre- 



sented by 896 needles and hooks, and the paper for the equivalent of one 
card is less than one-fifth of the area of the 900’s card illustrated in Fig. 107 ; 
when the thickness of the two is taken into consideration, the actual volume 
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of the 896’p card or paper is naturally very much less than one-fifth of the 
volume of th*e 900’s hard. Without comparing the practical value of the 
two pitches and systems so far as working the machine, it will be seen that 
with regard to material there is a considerable saving effected when the thin 
paper is used, and besides this it will be clear that the space required for the 
storage of ordinary cards not in use will be very much greater than that 
required for the same number of sets of the fine pitch paper cards or paper 
lengths. Moreover, since the paper is in lengths, it will be obvious that no 
lacing- or wiring is necessary, and hence a great saving is effected in these 
materials. 

The advantages, however, are not by any means all on the side of the 
paper lengths. This thin paper is very easily torn ; is difficult to cut ; 
must be very accurately arranged on the cylinder because of the fineness 
of the pitch ; and, as may be imagined, is very much more susceptible to 
atmospheric conditions than are the stiff paper cards which are so largely 
used. Provision is, however, made to effect the turning of the cylinder 
with a minimum amount of danger to the cards, and it is usual to take 
observations of the average temperature and humidity in those places 
where the fine pitch paper is to be used, and to prepare the paper, chemically 
or otherwise, so that it may be affected as little as possible. 

The parts of the card or paper which are subjected to the greatest stress 
and wear are those where the rotating pegs of the Jacquard cylinder enter 
the large holes for the purpose of drawing the paper round, and these parts 
are invariably strengthened by an extra strip of tough paper, about | in. 
wide, and fixed to the broad band of paper. These strips are shown clearly 
in Fig. 122 by the three dark bands — one at each side, and one in the 
middle. 



CHAPTER VIII 

FINE PITCH PIANO CARD (PAPER) CUTTING MACHINE 

Figs. 123 to 126 illustrate one type of machine which is used for cutting 
the continuous lengths of paper to be used on the Verdol j acquard. Fig. 123 
is a sectional eleyation ; Fig. 

124 is a plan of the keys and 
connecting levers; Fig. 125 is 
an elevation of the machine ; 
while Fig. 126 is a plan 
partly in section. Previous 
to placing the length of 
paper A, Fig. 123, on the 
peg wheels B, it is passed 
through a special peg-hole 
cutting machine, so that the 
holes in the three positions 
shown in the uncut card or 
paper at the bottom of Fig, 

124, or the four positions in 
the similar but larger uncut 
card at the bottom of Fig. 

126, may be caught by the 
pegs or studs of the peg 
wheel B and rotated when 
necessary. The jacquard 
machines are made with one, 
two, three, or more sections Fio. 123. 

of 448 needles each, so that 

the cards illustrated detached in Figs. 124 and 126 represent respectively : 

448 X 2 sections = 896 needles and hooks. 

448x3 „ =1344 „ 
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These qards are not drawn to scale, but the actual size of the two- 
section card IS 12| ini (32-4 cm.) long and ItV in. (2-725 cm.) broad, and the 
pitch in all cases is 0-1009 in. The length of the paj)er A, Fig. 123, would 
be in one sheet, and would naturally be long enough for the total number of 
picks in the pattern to be woven, in addition to a sufficient length at each 
end to facilitate the starting and finishing of the card, and to enable the two 
ends to be joined satisfactorily when the cutting operation is finished. 
Long lengths of paper may be prepared with the peg holes cut, and these 

lengths rolled tightly on a wooden 
roller and placed in a convenient 
position under the peg wheels B. 
When once placed in position on 
these peg wheels it remains stationary 
until all the holes for the pattern 
have been cut in one card. In this 
way it differs from the ordinary 
cards in the piano machine and in 
other types of fine-pitch machines, 
where the card moves after each 
short row or two short rows have 
been cut. 

It will be 'a convenient plan first 
to examine the mechanism which 
performs the actual cutting, and 
then to consider the movements of 
the parts which permit of the inter- 
mittent movement of one 



c 

c 


T1 

O ' 


Fk;. 124 


part of the cutting mechan- 
ism with respect to the fixed 
position of another part of 
the cutting mechanism. For 
this purpose we will examine Figs. 123 and 124. The bottom plate 
C shows one row of holes, which corresponds, say, to the first row in 
the card ; the holes are similar to, but smaller and more closely set than, 
^ the row marked D in Fig. 124. Immediately behind these eight holes in 
plate C, but situated a little to the right for the purpose of obtaining the 
zigzag pitch, are other eight holes which bear a similar resemblance to, 
but again smaller and more closely set than, the row marked E, Fig. 124. 
Rows of short punches F, Fig. 123, with suitable heads pass through the two 
channels G and H, and their cutting ends rest upon the paper card A just 
before the actual cutting takes place. In the drawing these punches are 
shown lifted clear of the paper in order to show all parts more distinctly. 
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After the selection of needles or punches has been made, one, two, or more 
of the short punches F are forced through the pap^i ' A by ?neans of the 
downward movement of the long punches J, which are guided in their 
up-and-down movements by holes drilled in the plates K, L, and M, and 
are returned, after having operated the de^sired punches F, by means of the 
springs N. At this time it will be clear that some of the punches F will have 
their ends through the paper, but this does not affect the continuation of the 
process. Asa matter of fact, it is an advantage for these punches to remain 
in the holes until every row in the card has been cut. There are just as 
many short punches F in the plate or inner channel H as there are needles in 
the machine for which the card is intended, and the punches help to keep 
the paper in its correct position. A second row of eight punches is required 
for the alternate rows E, Fig. 124, and one of these is shown at 0, Fig. 125. 
Two rows, one of D and one of E, are cut at the same operation. 

We will now consider the mechanism by means of which the long 
punches or needles J in Fig. 123 and 0 in Fig. 125 are selected according to 
the design. There are 16 short punches F and 16 long punches J and 0 
required for the two rows of holes D and E, and each punch J and 0 has its 
own j)articular key by means of which the card-cutter selects the proper 
ones. These 16 keys are shown at P in Fig. 124, and one of them in Fig. 123 ; 
for the convenience of the reader the keys in Fig. 124 are represented by 
different colours, and Uie same or similar arrangement might be adopted 
for the convenience of the card-cutter. In our illustration we show 


1 white key \ 

1 black key I 

1 white key \ 

1 stijDpled key | 


for 8 keys to operate rows E. 
8 „ „ D. 


With some such arrangement the selection may be made with the 
maximum of ease, and with few mistakes. The selection at the best is, of 
course, a slow process, as is usual with all cases where several from 16 keys 
have to be chosen at once, but two successive keys may be operated by one 
finger when it is necessary to have more than one-half out of each group 
depressed. Each key P, Figs. 123 and 124, is fulcrumed at Q, and upon its 
inner arm rests a lever R, bent as shown, and supported by the two frames S. 
Fixed to each of these rocking levers R, and between the plates S, is a 
pendent lever T, the curved lower end of which fits into a suitably shaped 
recess in the sliding rod U. A second series of sliding bars, which we may 
call supplementary bars, is shown at V in Figs. 123, 124, and 125. To the 
inner ends of sliding bars U are fixed small angle-irons W, Fig. 125, and 
from the horizontal part of each angle-iron depends a pin which passes 
through a corresponding hole in the end of the supplementary sliding bar 
V. It will thus be seen that the supplementary sliding bars may move 
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vertically and down when desired in virtue of the pin connection, and 
since the two bars U hnd V are coupled together by means of W and the pin, 
it follows that they move in unison in the horizontal direction. 

* The downward action of any of the piano keys P will consequently raise 



the inner end of the key, and also the end of lever R, Fig. 123 ; the straight 
part of R between the plates S will therefore revolve slightly and sufficiently 
to enable the lower end of the lever T, Fig. 125, to push forward slides U 
and V, and hence to place the end of supplementary slide V over its corre- 
sponding long vertical needle or punch J or 0. The supplementary slides 
V are situated in slots at the base of the plunger or piston X, enclosed in 
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cylinder Y, and depressed, when facilities are ofi-ired, by means of the 
pressure of spiral spring Z between the lid of the cyhhder and the central 
part of the plunger. The normal position of the piston X is up, but when 
the required number of supplementary slides V have been pushed into the 
active position — i.e. over one or more of the long punches J and 0 — the 
piston X is liberated and is forced downwards by the spring Z ; the lower 
face of the piston in turn forces the long punches J and 0 down against the 
heads of the short punches F, and the cutting ends of the latter are conse- 
quently forced through the card or paper A at those points which represent 
the corresponding painted squares of the design-paper. 

We may now examine the remaining parts of the mechanism which are 
also under the influence of the piano keys P. In Fig. 126 these keys are 
omitted entirely in order to expose more clearly the mechanism which is 
situated underneath and operated directly by the downward motion of any 
of the keys. A rectangular framework 2 is fulcrumed at 3, Figs. 123 and 
126, and from the back part of the frame projects an arm 4 ; at the extreme 
rear end of arm 4 rests a similar arm 5, fulcrumed at 6, and prolonged at 7 
in order to be attached to the end of a vertical rod 8. The lower end of rod 
8, Fig, 125, is attached at 9 to a three-armed lever 10, 11, and 12, fulcrumed 
at 13. The vertical arm 11 contains a slot into which is passed a pin 14 
projecting from the side of the hanging catch 15, fulcrumed at IG, near the 
edge of an arm 17. The arm 17 rotates on the shaft 18, which passes 
through the machine. The free end of arm 17 is provided with a set-screw 
and lock-nuts 19, while to a pin 20, which projects from the side of the arm 
17, near its end, is placed a rod 21. The upper end of rod 21 is attached 
similarly to the short arm of 22, Fig. 123, fulcrumed at 23. 

When any of the keys are depressed, the rectangular frame 2 rotates 
slightly about its fulcrum 3, its arm 4 is elevated, and so is arm 5, fulcrumed 
at 6. Consequently the short arm 8 descends slightly, and this* action 
causes the three-armed lever 10, 11, and 12, Fig. 125, to rotate slightly 
clockwise about its fulcrum 13. When this happens, the pin 14, which is 
under the influence of the slot in the upper part of arm 11, is drawn to the 
right, and this naturally causes the pawl of hanging catch 15 to turn about 
its fulcrum 16, and to withdraw the pawl from contact with the teeth of the 
ratchet wheel 24, on shaft 18, At the same time it will be seen that the 
small pawl 25, on the end of the arm 12, will enter the teeth of the ratchet 
wheel 24, and thus prevent any movement of the latter for the moment, 
which happens to be the time when part of the card is being punched. 

In the positions shown in Fig. 125 it will be seen that since the hanging 
catch 15 has its fulcrum on the side of lever 17, and its pawl in contact with 
one of the teeth of the ratchet wheel 24, the rod 21 is held securely for the 
time being in its lowest position, and hence the spring Z, Fig. 123, cannot 
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move the Ijlock X downwards. The withdrawal of the hanging catch pawl 
15 by means' of pin 14, due to the partial rotation of the three-armed lever 
10, 11, and 12, however, releases the lever 17, and consequently enables the 
fepring Z to force down the block X, and so force the short punches F through 



the paper A. At the same time it will be evident that the pawl and hanging 
catch 15 will move upwards with the lever 17, and so place the point of 
the pawl opposite the next higher tooth in wheel 24, under which tooth it 
will pass when the operator withdraws the pressure from the key P ; for 
immediately the fingers are removed from the keys, the spiral spring 26, 
Fig. 123, raises arm 7 and rod 8, and thus rotates the three-armed lever 
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counter-clockwise. The slot in the arm of 11 thus carries the ,j)m 14 and 
the pawl of the hanging catch 15 to the left, and place! the pa^'l in the next 
higher tooth to that with which it is at present engaged. The upward 
movement of arm 7 by spring 26 depresses the arm 5 and arm 4, and hence 
raises the arm 2 and all the keys P to their normal position. 

Simultaneously with the insertion of pawl 15, Fig. 125, is the withdrawal 
of pawl 25 due to the slight rotation of the three-armed lever 10, 11, and 12, 
and since at this moment the pin 14 is near the upper end of the slot in the 
arm 11, in consequence of the raised position of lever. 17, the latter and all 
its connections are pulled down by means of the heavy weight 27 and rope 
28 acting on the rope pulley 29 on shaft 18. This slight rotation moves 
ratchet wheel 24 until the set-screw 19 in the end of lever 17 reaches the 
stop block 30. This action results in a downward movement of rod 21, and 
at the same time lifts the block X into its highest position ready for a similar 
action. The distance moved by the lever 17 can be regulated by the set- 
screw 19 and the lock-nuts near its end. 

When the ratchet wheel 24 is thus turned one tooth, the main shaft 18 
is partially rotated, and naturally through the same angle. Hence, wheel 
31, Figs. 123 and 125, which is fixed to the shaft 18, also moves through the 
same angle. The teeth of wheel 31 work in a long rack 32, while grooved 
pulleys 33 run on rails 34 ; the wheel, rack, and pulleys thus enable the 
whole of the headstocS to move a distance equal to two short rows, or 16 
holes, every time the keys P are liberated by the fingers of the card-cutter. 

The whole of the upper part of the cutting mechanism moves from left 
to right, and the cutting is repeated as described until the indicator — not 
shown in this machine — points to the position on the card where the central 
peg holes are situated in Fig, 125. At this place there is a blank tread, one. 
short row in each set, or two short rows of punches F in all, being omitted 
in the plate H. When the headstock has passed over all the punches F, 
and the card is cut, it will be clear that there will be a considerable number 
of short punches F with their cutting points through the paper. These 
punches F must be withdrawn after the last pair of short rows has been 
cut. Two upright bars or rods, one only shown at 35 in Fig. 125, pass 
through suitable holes in the framework 36, and the upper ends of these rods 
are attached as shown to the two ends of the lifting channel H. By the aid 
of a foot lever the two rods 35 are raised, and hence the channel H lifts all 
short punches F clear of the card A. The card or paper is now rotated to 
expose a new position, the headstock brought back to the starting-point, 
and similar operations performed for the new card and all succeeding cards. 

Figs. 127 and 128 are two views of one section of a card-cutting, lacing, 
and preparing department. In Fig. 127 there are two card-cutters working 
at two piano card-cutting machines, on the reading boards of which are 
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two desig];is ; the design on the reading board of the far machine is a 
bordered design, while the other is probably a design for the field or repeat- 
ing part of the filling. Two card-lacers are also at work — one lacing 
'perforated cards which have probably been cut on one of the piano card- 
cutting machines on the left, while the other is lacing uncut or blank cards 
by means of a machine ; both will be referred to later. 

Three machines are shown on the right of Fig. 1 28 ; two of these, the 
outside ones, are of the fine-pitch type, but of a different make and on a 



Fig. 127. 


different principle from that shown in Figs. 123 to 126. The central 
machine in Fig. 128 is of the ordinary pitch tyi)e. Three designs have been 
placed on the reading boards merely to give the machines a workable 
appearance. The two largest designs are for full harness work, and are 
clearly intended for the fine-pitch machines, whereas the smaller design is 
for the ordinary jacquard, and is a common harness design. A roll or part 
of a roll of fine-pitch paper has been introduced into each of the fine-pitch 
machines illustrated in Fig. 128, while near the footstool of the far machine 
is a complete roll. 
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The line drawings, etc., which have been made to illustrate the mechan- 
ism and to aid in the description of the machine, embrace Figs. 129 to 147. 
In connection with the present machine it will probably be best to examine 
some of the details first, and then to show the complete views when a genefaP 
idea of the chief parts is understood. The uncut roll of ][)aper A, Fig. 129, 
is placed on the wooden roller B, and carried over the peg cylinders C and 
D ; it is then brought down to the wooden roller E, and secured to it by 
means of a thip iron rod which fits into a corresponding groove in the roller. 



Ftg. 128 


In the machine illustrated in Figs. 123 to 126 it was shown that the paper 
remained stationary until the cutting of the card was complete, when the 
paper was carried round to present the next blank portion, i,e. the equi- 
valent of a card, in position. In the machine under notice we might 
mention that the card or paper itself moves sideways after each cut in a 
manner similar to that which takes place in the ordinary pitch piano 
machine. In addition to this sideways movement, the paper must be 
well under control so that it may be moved lengthways after each card or 
its equivalent has been cut. And it need hardly be pointed out that it is 
necessary' to provide means for moving the paper backwards as well as 
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forwards is, as a matter of fact, desirable and essential that the paper 
may be turned in Sther direction at will for any number of cards. The 
mechanism for these movements lengthwise — i.e. the movement imparted 
* to the paper by the cylinders — shall be described first. 

On the end of the peg cylinders C and D, Figs. 130 and 131, seen clearly 
in the latter view, are two pairs of plain discs— F and G for cylinder C, and 
H and J for cylinder D. The two pairs of discs F and G are kept at the 



proper distance apart by nine pins K ; and similarly the discs H and J are 
kept apart by the nine pins L. These pins serve two purposes, as by means 
of them the cylinders C and D are rotated, while after having been rotated 
through one-ninth of a revolution the pins provide means in conjunction 
with other parts for keeping the cylinders steady. 

A double-hooked flat bar M, Fig. 130, is supported by a pin N which is 
held by the flat bars 0. These two flat bars are riveted to a short arm of 
. the L-shaped lever P fulcrumed on the stud Q. This short arm and the two 
bars 0 thus form a kind of fork. The long arm of lever 1^ passes through a 
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slotted bracket R, and is provided with a suitable handle S. ^IJwo springs 
T and U are set-screwed to the bars 0 so that each spring may tend to keep 
its respective end of the hooked bar M in the highest position— in close 



touch with the pins K or L, as the case may be. The necessary free move- 
ment of the hooked bar M is provided for by a slot in the centre of the bar 
which allows the latter to oscillate slightly on the pin N. 

With the handle S in the lowest position, shown m solid in Fig. 130, it 

M 
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is clear tlia1[. the left-hand hook of the bar M will be in its extreme right 
position, and must therefore have pulled the pin so as to turn the 
cylinder C counter-clockwise through the distance of one card or pin. It 
will be observed that the right-hand hook of the bar M is quite clear of all 
the pins L. If the handle S be raised to the central position, shown at 




le 



VIII 


FINE PITCH PIANO CAED-CUTTING MACHINE 


163 


cylinder D clockwise througk the distance of one card, or or 3 pin. This 
movement will also result in the left-hand hook of bar M being taken 
clear of the pin K® — i.e. to a position corresponding to that occupied 
in the figure by the right-hand hook — and then this cylinder is free to 
rotate in the same direction as the other. The inoperative position of the 
handle S and all connecting parts is when the handle occupies the middle 
position 

Th(i two cylinders always move in unison, and thus carry the paper A, 
Fig. 129, forwards or backwards as desired, and of course for any number 
of successive cards in either direction. The hooked bar M, Fig. 1 30, slides 
between two pairs of supporting guides V so as to keep the hooked ends 
centrally situated between the discs F, Fig. 131, and the discs G respectively. 
Whichever way the cylinders C and D have turned, it is absolutely necessary 
that they should be forced into their proper positions, and then held there 
firmly during the whole time that the card is being cut. This essential 
condition is achieved by the action of the spring hammer W, fulcrumed at 
X, Fig. 130. 

These parts will be more clearly seen in Fig. 129, where they are complete, 
and in which figure both discs F and H, Fig. 131, have been omitted, and so 
have the outer discs of G and J in order to show up the parts to advantage ; 
the pins of G and H, however, are shown in Fig. 129. The spring hammer 
consists of the bolt W adjustable in the swinging bracket Y by means of the 
lock-nuts, and an anti-friction pulley Z fulcrumed at 2 in the bolt W. This 
apparatus is somewhat similar to and performs the same functions as 
the si)ring hammers in a jacquard machine — i.e. when the cylinder is 
rotating and has nearly reached its proper position, it is forced there by the 
pressure of the pulley Z through the action of spring 3 connected to hooks 
4 and 5, the latter of which remains stationary. 

The mechanism just described, which occupies the upper part of Fig. 
130, is situated in a position approximately midway in the machine, but is 
capable of moving a distance equivalent to the length of the longest card 
which is used on the fine-pitch jacquard machines. The view of the 
mechanism in Fig. 130 is taken as looking towards the discs of the cylinders 
C and D, while the lower part of the same figure and Fig. 131 constitute one 
plan view of a part of both cylinders C and D and a number of cut and 
uncut cards bridging the gap between the two cylinders. We shall refer 
to Fig. 131 later. 

We might now with advantage see how the piano keys operate the 
various rods and levers for the punches, and also see how the latter are 
operated in the headstock. The parts for this demonstration are illustrated 
in Figs. 132 to 136. Fig. 132 is a view of the hea ! stock looking towards 
the discs of the cylinders C and D ; the punches in the headstock are 
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arranged kidwo rows to cut holes in the card in the zigzag order as usual, 
and as illustrated in the small detached view at the bottom of the figure. 
, There are two sets of punches, long ones 28 and short ones 27, enlarged 
views of which appear in Fig. 133 ; they are arranged as such simply for 



Fig 132. Fjg. 133. 


convenience, and the method of bringing each set into action is somewhat 
similar to that illustrated in Figs. 115 and IIG. 

Figs. 134 and 135 are side views of the headstock taken from the front 
of the machine ; these figures also show the connections to one of the rods 



Fig. 134. 


10, which is actuated directly from the piano-key lever 7, Fig. 136. Both 
rows of holes shown at the bottom of Fig. 132, or as many as are required 
in the two rows, are cut at the same time ; hence 16 piano keys with their 
corresponding levers and other connections are essential. Two sets of con- 
nections are shown in Figs. 134 and 135, but one piano key only is shown 
at 6, Fig. 136, while its position when pressed down is represented by the 
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dotted part 6^. Tlie key is fixed to one end of the key lever fulcrumed 
at 8. The back end of the lever 7 is weighted as indicated at 9, so that the 
parts have always a tendency to keep the key 6 in its highest position, and 
they do so when the operator’s finger is lifted from the key. 

The lower end of an upright rod 10 passes through a hole near the 
weighted part of lever 7, then through holes in the table and in the hori- 
zontal plate 11 supported by two pillars 12. At a point immediately above 
the plate 1 1 the rod 10 is bent almost at right angles, Fig. 136, and then 
attached at 13, Figs. 134 and 135, to the bell-crank lever 14 fulcrumed at 
15. The bell-crank lever is supported by and free to turn slightly in the 
slotted or forked plate 1 6, Fig. 136, which depends from the plate support 
17. The exact position of the rod 1 0 with regard to its influence on the long 
bars 18 (shown broken in Figs. 134 and 135) is regulated by means of the 
lock-nuts 19, Fig. 136. 



In the complete set there are 8 such rods 10, and these are operated by 
the first eight piano keys to the left of the machine^ The next eight piano 
keys — i.e. Nos. 9 to 16 — operate precisely similar levers to 7 ; but the rods 
20, which correspond to and play the same part as rods 10, are bent at a 
bigger angle immediately above the plate 11, in order that they may be 
attached to the upper set of bell-crank levers 21, fulcrumed at 22. In 
Fig. 136 one of the rods 20 is also shown in its highest position at 20^. The 
bell -crank levers 21 are also supported by forked plates 23 (see Fig. 137), 
which in turn depend from the horizontal plate support 24. The two plates 
17 and 24 are supported by pillars 25. Attached to bell-crank levers 21, 
Figs. 134 and 135, are eight long bars 26 very similar to those marked 18, 
but occupying a higher plane. The horizontal plate supports 17 and 24, 
Fig. 136, are in reality joined, but they occupy dift'erent heights because the 
respective parts which they support have to operate the higher and lower 
sets of long bars 26 and 18, Figs. 134 and 135. 
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The free finds of bars 18 and 26 enter suitable recesses in the headstock 
(see Figs. 132, 134, and 135). Inside the upper recess is a grate which guides 
the free ends of the long bars 26 over their respective punches 28, Fig. 133, 
while the free ends of the lower long bars 18 are guided somewhat similarly 
over the tops of the short punches 27 in the lower recess, and pass between 



the thin parts of the long j)unches. The views of the long punches in Fig. 
133 will show that this is possible. It will be evident that when the bell- 
crank levers 14 and 21, Figs. 134 and 135, are raised in virtue of the down- 
ward movement of the corresponding piano keys 6, Fig. 1 36, the long bars 
18 and 26 will be carried forward — i.e. to the right in Figs. 134 and 135 — 
and their extreme free ends will be placed respectively over the top of one 
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short punch 27 and one long punch 28. In Fig. 134 the lowe’’ ^ong bar 18 
is in its normal position — i.e. with the piano key up — whereas the upper 
long bar 26 has been moved about in. to the right by the bell-crank lever 
21, because the corresponding piano key 6, Fig. 136, has been pressed down 
and the rod 20 raised. The end of the long bar 26, Fig. 134, is consequently 
over a long punch 28. In Fig. 135 the conditions are reversed — that is, 
the end of the lower long bar 18 is over the top of a short punch 27, 
while the upper long bar 26 is in its normal position. 

In Fig. 1 34 it will be seen that the long punch 28 has been forced through 
the card or paper A, and the short punch has remained stationary on the 
paper while the plates 29 of the headstock have moved downwards to their 
lowest positions. Conversely, in Fig. 135 the short punch 27 has been 
forced through the paper, while the long punch 28 was unaffected. The 
plates 29 of the headstock move up and down on two pillar-rods 30 under 
the influence of the treadle and intermediate connections. Plate 31 is a 
guide plate or block, and the paper A is cut between this jflatc and the lower 
plate 32. 

Fig. 137 is a front elevation of the complete machine ; Fig. 138 is an 
end elevation looking from the left of Fig. 137 ; Fig. 139 is an elevation 
of the op])osite end ; Fig. 140 is a complete plan ; while Fig. 141 is also a 
plan, but with certain parts removed to show details of the mechanism more 
clearly. In these views the keys are in solid black and stippled alternately, 
to facilitate the fingering ; and in order to enable one to follow the connec- 
tion, the rods 10 and 20 are similarly marked, although it must be remem- 
bered that the rods 10 and the first eight keys operate one row of punches, 
while the rods 20 and the other set of keys operate the other row of punches. 
The j)oint-paper design, as already indicated, is pinned on the board 33 
with the first thread of the design on the left, and the first pick at the bottom. 
In this particular machine the reading board is supported by brackets 34 
fixed to any convenient part of the table or frame 35 (see also Fig. 128). 

The downward movement of the plates 29, Figs. 138 and 139, of the 
headstock is due tt) the similar downward movement of the entl of the short 
arm of lever 36, Figs. 137 and 141, fulcrumed on a pin 37, and between the 
two brackets 38 ; the latter are bolted to the top of the table 35. A pin 
or stud 39 connects the long arm of lever 36 with a small bracket 40 on the 
upi)er end of rod 41 . The rod 41 , Figs. 137 and 138, is attached to a forked 
bracket 42 near the end of the treadle 43, and the latter is fulcrumed on a 
pin 44 held by two brackets 45. From these connections and parts it is 
obvious that when the end of the treadle 43 is depressed, the plates 29 of the 
headstock will descend. The upward movement of the treadle and of the 
plates of the headstock is obtained by the action of the spring 46, Figs. 138 
and 139.* This spring encircles the rod 47, which is connected to the bracket 






Fig. 137. 
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48 on a ati(d 49 ; the latter projects from the rear end of the treadle 43. 



Fic. 138. 


The upper end of rod 
47 passes through a 
hole in the plate 50, 
which is bolted to the 
underside of the table, 
and thus acts as the 
upper check to the 
spring 4G. A collar 
51 can be adjusted on 
the rod M to enable 
the spring to possess 
the necessary force for 
returning the treadle 
43 and plates 29 of 
the headstock safely 
to their highest posi- 
tions. 

It will be under- 
stood from what has 
been said that the 
necessary holes in two 
zig-zag rows of the 
])aper are cut at each 
downward movement 
of the ]:)lates of the 
headstock, and that 
after such movement, 
and before the next 
downward movement 
takes place, the ])ai)er, 
together with the two 
cylinders C and D, 
Fig. 1 29, and all other 
essential connections, 
must be drawn for- 
wards or to the left in 
Figs. 137, 140, and 
141, a distance equal 
to the sj)ace occupied 


by two rows of holes. 


Before the above action of drawing the cylinders, etc., to the left takes 




VIII FINE PITCH PIA]S[0 CARD-CUTTING MACHINE 171 

place, it is necessary that the ends of all punches 27 and 28, Fig/ 182, which 
for the moment are through the paper, should be raised clear of the paper, 
otherwise it is quite evident that the punches would tear the paper. The 
mechanism which is introduced to delay the movements of the above parts 
until the punches are 
safely withdrawn from 
the paper, works in con- 
junction with, and by 
the action of the treadle 
43 ; it is illustrated in 
Fig. 131 and Figs. 137 
to 141. The two cyl- 
inders C and D are 
supported in suitable 
bushes in the brackets 
52, the two pairs of — 

. brackets being connected — 
by cross-rails 53. One 
end of the rack 54, Fig. 

141, is bent at right 
angles and bolted to the 
nearer cross-rail 53, or 
it may be connected to 
both cross-rails as illus- 
trated. The rack 54 
slides on the base of 
the rack guide case 55, 
which may be closed at 
the base, or })art may 
be cut away just as 
desired. In either case, 
the cover 56 is screwed 
to the top of the case. 

In Fig. 141 the cover 
of the case is omitted, 
and so is the cover of the 
pawl box 57, in order to illustrate more clearly the function of the mechan- 
ism. The pawl 58, which imparts motion to the rack 54, is fulcrumed at 
59 near the middle of lever 60, which in turn is fulcrumed at 61. The other 
end of lever 60 is attached at 62 to the bar 63, and the opposite end of bar 
63 is forked to receive the end of the vertical arm 64, Figs. 137 and 138, of 
a three-arrhed lever fulcrumed at 65. The two horizontal arms 66 and 67 



Fig. 139. 
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are attacb^d respectively to tie screwed hook 68 and the stud 69. The 
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hooked as shown to 68 and to the bottom hook 71, which is bolted to the 
frame. The st^d 69 projects from the side of the lever 67 and enters the 
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slot T2 in the bar 73. The latter is bolted to the bar 74, so that means of 
adjusting the combined length of the two are provided. The lower end of 


bar 74 is held by a pin 75 in a forked bracket 76, and the latter is securely 
fixed to tie upper surface of the treadle 43. 
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After ttke operator has selected the proper keys 6, Figs. 137 and 140, 
according to the marks on the 16 vertical rows of the deSign-paper, she 
presses the keys down, and from what has been said it is clear that the free 
ends of the corresponding long bars 18 and 26 will cover their respective 
punches. She then depresses the treadle 43, which, in addition to causing 
the punches to pass through the paper, will evidently rotate slightly the 
three-armed lever 64, 66, and 67 clockwise. The upper end of the vertical 
arm 64 will thus cause the bar 63, Fig. 141, and through it the pawl 58, to 
movt to the right, taking the pawl 58 from the position shown in Fig. 141 
to the position occupied by the next tooth on the right. The pawl 58 is 
kept in touch with the teeth of the rack 54 by the scroll spring 77. It is 
quite evident that when the operator releases the pressure on the treadle 
43, the spring 46, Figs. 138 and 139, will bring back the treadle to its highest 
position, and, as previously mentioned, will also cause the punches to be 
raised clear of the paper. It is equally evident that the three-armed lever, 
as well as the rack, would move at the same time unless special provision 
were made to prevent it. The arm 67, Fig. 137, of the three-armed lever 
must remain in its lowest position until the punches have been raised safely 
into the block 31. This requirement is obtained in the following manner : 
Projecting from the stay rod 78, upon which the brackets 45 are fixed, is a 
bracket 79. A stud 80 projects from the face of bracket 79, and upon this 
stud is placed the lower end of the flat bar 81. The upper end of this bar 
is recessed at 82 as shown, and at both sides, although one side only can act. 
A small plate 83 is riveted to bar 81 . A stud 84 is fixed to the lever 73 near 
the bottom of the slot 72, and a spring 85 joins the upper end of bar 81 to 
the lever 67, the former being tKus kept in close contact with the various 
parts. As the treadle 43 is descending, the top part of the slot 72 ap- 
proaches and ultimately comes in contact with the stud 69 in the lever 67. 
The stud 69 therefore begins to move in unison with the bar 73 until it has 
descended sufficiently far to allow the recess 82 to slip over a corresponding 
part in the stud 69— the spring 85, of course, drawing the bar 81 with the 
recess into dontact. 

With the upward movement of the treadle 43 the bar 73 rises, but the 
stud 69, and therefore the three-armed lever, is unaffected until the stud 
84 comes in contact with the curved part of 83. Any further upward 
movement of the stud 84 will force the bar 81 outwards through the pro- 
jecting part on piece 83, and thus release the stud 69. Immediately the 
latter is free to move, the spring 70 pulls down the arm 66, and therefore 
moves the bar 63, Fig. 141, and the pawl 58 to the left. This will clearly 
enable the pawl to take the rack with it, together with the two cylinders, 
paper, and all connections, a distance of one tooth or two zigzag rows. 

The cylinders C and D, Fig. 141, and all connected parts are capable 
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of being moved the full length of the cut portion of the longe?^t ^cards, or 
rather widest paper ; and in order to enable this movement to be conducted 
with accuracy and with as little friction as possible, eight anti-friction 
pulleys (six plain pulleys, and two V-grooved pulleys) are employed. The 
arrangement of the pulleys is best seen in Fig. 130, where the cylinders 
and all parts are shown connected directly or indirectly with the flat 
bar 86. At the correct distance apart on the flat bar 86, and at right 
angles to its f{ji(;e, are two projecting parts 87, which are provided with 
pins 88, upon which rotate two of the anti-friction pulleys 89. Pamllel 
to the bar 86, and in a higher plane, is a small shaft 90 on one end of which 
is a V-grooved pulley 91, and on the other end an anti-friction pulley 92. 
The two pulleys on the right, 89 and 92, rotate against the lower and 
upper surfaces of a plate 93, which is bolted to the frame and projects 
as shown, while another pulley 89, on the opposite or left side in the 
illustration, rotates against the underside of a specially shaped part of 
the frame 35, the upper surface of this part being made in the form of an 
.inverted V, and on which runs the V-grooved pulley 91. A similar set of 
four pulleys is arranged near the end of the cylinders C and D ; the 
grooved pulleys 91 prevent any side movement on the i)art of the mechan- 
ism, and thus enable the cutting to be accurately spaced. 

The number indicator 94, Figs. 140 and 141, is screwed to the top 
of the table 35 ; and as the cylinders move after each two rows have been 
cut, the pointer 95, which is attached to the cylinder support 53 by the 
narrow flat bar 96, moves in unison with the remaining parts, and indicates 
the rows which are under the punches 27 and 28. 

The roll of j)aper is usually delivered wtth peg holes cut between each 
pair of cards as illustrated in Figs. 142, 143, and 144 ; such paper is made 
by French and German as well as British firms. The cards in Figs. 142 and 
143 are reduced to two-fifths of the actual size, and are for 896’s jacquards, 
while the card in Fig. 144, shown one-fourth the actual size, is for a 1344’s 
jacquard. In all three cases the foundation of the strengthening strips 
is cloth. In Figs. 142 and 143 a scrim made from high-count cotton yarns 
in a low sett is used, and this is fixed on to the strengthening strip paper 
before it is attached to the proper paper — probably in wide widths and 
then cut u]) into strips of the juoper width. In the strips of the card in 
Fig. 144 the foundation cloth is made from high-count cotton yarns in a 
comparatively fine sett, and then this cloth is heavily loaded, and finally 
embossed to represent a twill cloth. The advantage of the card in Fig. 
143 is that the position of every needle in the jacquard machine or hole 
on the pa]:)er is printed on the paper, and hence tliis improvement facilitates 
the location of the position of any needle of the jacqua^*d machine or square 
of the design -paper. 
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Befo|, emplacing the paper over the cylinders C and D it is necessary 
to swing back the brass covers 97, Figs. 137 and 140, which, when in 
position, are concentric with the peripheries of the cylinders, and are held 
there securely by a long rod at the end of which is a small handle 98. The 



Fig. 142 Fig. 143. 


withdrawal of this handle about J in. liberates the upper head of the cover 
from the side brackets, and since the covers are hmged at the lower edges 
they may then be easily turned outwards. 

The pitch of the paper, or rather the width required for each card, 
and the pitch of the holes in the paper illustrated in Figs. 14^2, 143, and 
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144, are the same as the pitch of the pegs and on the cirjjumferences 
of cylinders C and D, Fig. 130. When the design is cut on the card as 
illustrated in Fig. 122, there are three additional peg holes on each 
strengthening strip for each card. These extra holes are for use on the ■ 
jacquard machine if from any cause the normal ones, or those shown in 
Figs. 142, 143, and 144, become damaged, and these extra holes are cut in 
the piano card-cutting machine. For a 1344*8 jacquard machine there are 
four strengthening strips on the paper, see Fig. 144 ; consequently the 
piano machine mjist be provided with four sets of peg punches, three 
punches in each set. These are shown at 99, Figs. 137 and 140. Three 
of the sets are in the peg-hole punching block 100, while the remaining 
set is ill the headstock and immediately to the right of the two rows of 
ordinary punches 27 and 28. 

In order to make the description of the operation of cutting as simple 
and intelligible as possible, we shall imagine that the last row of one card 
has been cut, and that therefore the cylinders C and D, Figs. 137, 140, and 
141, and all connected parts, will be at the extreme left position, with the 
index pointer 95 over the last mark on the scale. This done, it is now 
necessary to move the cylinders, jiaper, etc., to the other extreme end, 
or starting point, but before this can be done the pawl 58, Fig. 141, must 
be withdrawn from contact with the rack 54. A lever 101, fulcrumed 
at 102, is provided with a small handle 103. A small cam 104, integral 
with the lever 101, is also on fulcrum 102; and when the handle 103 is 
moved to the position indicated by 103b the cam 104 will have forced 
out pawl 58 quite clear of the teeth of the rack 54. 

The position occupied by the cam 104, when the handle 103 is rotated 
to the point marked 103 1, is such that the pawl 58 cannot be forced in 
by the scroll spring 77, since the force of the latter against the cam is 
directed through the fulcrum 102. 

The treadle 43, Figs. 137, 138, and 139, is kept down when the last row 
in the card or paper has been punched ; then the operator turns the small 
handle 103, Fig. 141 , as described, to release the pawl, lifts up the handle 
S, Fig. 130, from the central position to the top position S^, which 
rotates the cylinders C and D towards the operator, or in what we have 
termed the forward direction, and brings the next blank card into position ; 
finally she pushes the handle S to the right in order to place all parts at 
the other extreme end ready for the cutting of the next card. 

There is a small projection fixed to a convenient part of the back 
cylinder D, and just before the cylinders reach the starting point on the 
extreme right this projecting part reaches and touches the lower arm of 
the lever 105, fulcrumed at 106, Fig. 137. It is therefore evident that 
the last slight movement of the cylinders towards the right will cause 

N 
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the projecting part to force the lower arm of the lever 105 to the right, 
and the upper arm of the same lever to the left. Simultaneously the 
lower arm of lever 107, fulcrumed at 108, will be forced to the left and 
' its upper arm to the right. 

A view of this section of the mechanism on a much larger scale is seen 
in Fig. 145, in which the ordinary long and short punches 28 and 27, one 
of each, as well as one of the three peg punches 99, are shown in the head- 
stock. In this view the cylinders are supposed to have reached their 
extreme positions, and the above-mentioned levers 105 and 107 have 

been moved from the posi- 
tions indicated in Fig. 137, 
so that the overhanging 
part of the lever 107 has 
been forced over the top 
of the three peg ])unches 
99 (only one shown) in the 
headstock. And at the 
same moment the upper 
arm of lever 107 will have 
forced the links 109 and 
110 to the right. Pins 111 
and 112 join the parts 107, 
109, and 110. The latter, 
through ])iii 113, will have 
caused the ])endent arm 
114, which is loose upon 
the pin 115, to move to 
the right, and hence to 
carry the short tube 116 
towards the pin 1 1 7 in such 
a way that the end of the 
latter will enter the tube 
as shown. The two detached views immediately under these parts in 
Fig. 145 show sectional views of the tube, part of the ui)j)er portion of 
which is cut away, with the pin 117 in the tube in one view, and out of it 
in the other. 

With the parts in the positions indicated in Fig. 145 it is quite evident 
that when the treadle 43, Fig. 137, is depressed, and the end of lever 36 
caused to move downwards, the headstock will be forced down by means 
of the pin 118 and the link 119, Fig. 145, and at the same time the three 
peg punches 99 in the headstock will be forced through the paper by the 
projecting part of the lever 107. It is also evident that since the pin 117 
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is inside the tube 116, the upper part of the tube will carry tl^^pin down- 
wards, as well as the lever 120 to which the pin is bolted. 

Referring now to Figs. 137 and 140, it will be seen that the lever 120 
is fulcrumed on a long rod 121 supported by pillars 122. Two similar 
levers 123 are fixed to the same rod 121, and these are connected to the 
upright rods 124, Fig. 1 37, rising from the upper block 125, by means of 
links 126. Consequently, when the lever 120 is carried down by the 
action of the^tube 116 on the pin 117, it is evident that the rod 121 will 
be partially rotated, and sufficiently far to enable the connections to 
impart a downward movement to the blocks 125 and 127 ; these move 
vertically on the slides 128, and thus force the remaining three sets of 
punches, nine punches in all, through the strengthening strips of the paper 
for that particular card. 

We hardly need mention the fact that the parts 120 to 128 are operated 
once only for each card, and that immediately the foot pressure is removed 
from the treadle 43 the cylinders are moved by the pawl 58 and the rack 
54, Fig. 141, the small projecting part on the back cylinder being withdrawn 
from the lower arm of lever 105, Fig. 145. When this happens a small 
spring causes the lower arm of lever 107 to withdraw the projecting part 
from the peg punch 99 in the headstock, and, of course, simultaneously 
to break the contact between the tube 116 and the pin 117, while a spiral 
spring I2l\ Fig. 139, brings rod 121 to its normal position. During the 
operation of punching for the remainder of the card, the tube 116, Figs. 
137 and 145, can descend each time with the headstock without affecting 
the pin 117 and connected parts, as will be clearly seen in the right-hand 
detached illustration near the bottom of Fig. 145. 

The first move of the cylinders to the left carries the pointer 95, Fig. 
140, from the double mark on the scale to No. 0. The peg holes which 
have just been cut by the peg punches in the headstock will now be under 
the two rows of ordinary punches in the headstock ; hence, with the 
pointer at No. 0 there must be a blank tread, after which the pointer 95 
moves to No. 1 (even numbers only are marked on the scale). There are 
then 28 treads in regular succession representing 28x16 = 448 positions 
on the paper for 448 needles in the jacquard machine. Then another 
double line appears on the scale, and this represents another blank tread, 
because the middle of the second strengthening strip is then under the 
two rows of ordinary punches in the headstock. 

The second division — i.e. from No. 29 to No. 56 on the scale — ^repre- 
sents the next 448 positions or needles, and these are cut similarly to the 
first section. If the jacquard machine to be used contains 896 needles 
— that is, for a card similar in size to those in Figs. 142 and 143 — the 
cutting isffinished when the pointer 95 reaches No. 56 on the scale. Fig. 140, 
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and the cjdjuders are returned to the starting point as already described. 
If, however, the card is similar to that in Fig. 144, and for a 1344’s jacquard, 
the operation is continued, starting with a final blank tread at the position 
“ indicated by the pointer 95 in Fig. 141, which shows that all parts have 
moved to the left for this distance. For such a card the cutting would 
finish at No. 84 on the scale — that is, 84 x 16 = 1344 needles. As the paper 
is moving from one end to the other it is supported by a long wide brass 
plate 129, Fig. 140, and the latter is in turn supported by the bridge 130. 

In order that the correct travel may be imparted to the various levers 
from the keys 6 to the headstock, the levers are checked in their down- 
ward movement by the bar 131 bolted to the frame 35, Figs. 136 and 137. 
Provision is also made to limit the movement of the treadle 43 and the 
headstock by the collars 132, Fig. 138, on the rod 41, while a further check 
is introduced in the headstock as shown by the screw 133, Fig. 132. 

All the cuttings from the under-block 32, Fig. 132, of the headstock 
fall into the funnel 134, Fig. 137, and ultimately into the box 135. A 
footstool 136 is usually placed as shown. Circular leather driving belts 
137 are provided to help to draw forward the paper, and in general to 
keep it at the proper tension vfithout undue stress. 

It is sometimes desired to use fewer needles, say 12 rows instead of 16. 
When this is the case it is very desirable to cover up those keys which 
are to remain idle, and the rows to be cast out are the two outside rows 
on each side of the card — that is, the outer ones in each of the two zigzag 
rows. Thus, the following numbers in Fig. 146 represent one pair of rows, 
or 16, and those numbers crossed out represent the rows not in use : 

j@r 10 11 12 13 14 15 v6 

^234567g 

Fig. 146. 

The 1st and 16th keys are covered by sliding the plates 138, Figs. 
137 and 140, over them, and then fastening the plates in position by the 
milled head screws 139. Another plate secured near to or on the fulcrum 
61 in the same figures can be rotated until it covers the 8th and 9th keys. 
A larger number of keys at the ends can be covered by the plates. 1 38 if 
fewer rows have to be in use. 

In Fig. 129 the seven cards on the cylinders, or rather between them, 
are marked 243 to 249 inclusive. These are supposed to be the corre- 
sponding picks in a design, and it is quite clear that the 246th card is in 
a position immediately under the punches and in the course of being cut. 
The picks 241 to 246 are represented on the first six lines of the design 
in each group in Fig. 147, the pick marked with an arrow being tTie 246th, 
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which is only partially cut in Figs. 130 and 131. It will be 'iSticed that 
there are 448 threads represented on the design-paper, in Pig. 147, and 
these represent all those in the first section of the card. It will also be. 
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Fig. 147. 


noticed that when one reads each pick from end to end, the corresponding 
marks on the threads will appear on the cards as below, starting at *, 

25 20 27 28 29 30 31 32 

17 18 19 20 21 22 23 24 

9 10 11 12 13 14 15 10 

*1 2 3 4 5 0 7 8 

and so on, reading upwards on the card. 

It has already been pointed out that neither lacing nor lace holes 
are required, as the total number of cards required is in one length 
of paper. 





CHAPTER IX 

READING-BOARDS ; CARD-CUTTING MACHINE FOR THE LACE TRADE 

In practically all piano and similar card-cutting machines the reading- 
board is supported by some convenient part of the framework of the 
machine, somewhat as illustrated in Figs. 67, 68, 69, 127, 128, 137, and 
138. When cutting from two large sheets at the same time — say, when 
the design is intended for a 1200’s jacquard machine of a fine or medium 
pitch type — it is obviously impossible to have the 150 blocks or bars of 
eight threads, or the 100 blocks of twelve threads, in one straiglit line, 
unless the blocks are exceedingly small. Even if the blocks were reduced 
to a convenient size for the purpose of having them on the same line, the 
designing and the reading would be conducted under very trying condi- 
tions, and hence the arrangement would be scarcely practicable. There- 
fore, when cutting from designs which are too wide to be read conveniently, 
the design-paper is in two portions, and each card is cut from the corre- 
sponding lines of the two pieces of point-paper, and consequently there 
are two straight edges, one in the lower part of the board and one in the 
upper part. 

The process of cutting from two such designs is, even under the best 
arrangement, rather complicated and difficult, particularly if the operation 
sets up a pronounced vibration in the board. The usual method of sup- 
porting the reading -board is, on the wffiole, a suitable and convenient 
method, and is perhaps as good an arrangement as can be adopted when 
the machines have to be moved from place to place. When, however, 
a permanent position has been chosen and fixed for any particular machine, 
it would probably be an advantage to support the reading-board inde- 
pendently of the machine. This would not only give the card-cutter 
more freedom in performing the various operations, but would also eliminate 
the vibration which always obtains when the cutting is in progress ; at 
the same time the permanent steadiness of the board would enable the 
operative to read more easily and more quickly, and the marks on the 
design-paper would not affect the eyes as much as they do when vibration 
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is present. With an independent support for the reading-bi'i-‘d the eyes 
would be less fatigued, and greater production should result. These state- 
ments refer only to those machines where the reading and j)unching are 
proceeding simultaneously, or nearly so ; for the plate machines, such 
as that illustrated at Figs. 88, 90, and 91, the arrangement illustrated is 
probably the best. 

In all cases, however, one straight-edge at least is required. There 
are different methods employed for the movement or the use of the straight- 
edge. That illustrated on the reading -board in the above-mentioned 
Figs. 68 and 69 is moved positively in both directions, each side having 



Fig. 148. 
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its separate adjustment. There is probably less chance of the straight- 
edge getting out of line with this type than with any other. The only 
objection to its use is the slowness of the movement when the cutter has 
to return it each time it reaches its limit on the board. For this reason 
some cutters dispense altogether with the screw adjustment, and fit up a 
simple and inexpensive arrangement such as that illustrated in Figs. 148 
to 150, which show respectively portion of the front elevation, portion 
of the side elevation, and plan. 

The straight-edge A is bevelled as usual, and is indicated by the dotted 
lines in Fig. 149. Each end A} is cut away as shown in Fig. 150, and two 
cords B are passed in front of the cut-away part ; the upper ends of the 
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cords are pissed oyer the top of the reading-board C, and the lower ends / 
under the table, and then the ends are tied firmly together. The cords 
,B thus hold the straight-edge A securely against the reading-board C, 
upon which the design-paper D is pinned as usual. The straight-edge 
can be moved easily and quickly after each line has been cut, and it is i 
quite clear that when it is required to move it from its lowest position to its 
highest position it is only necessary to j)ush it upwards — an oj)eration which 
is done almost as quickly as the movement from one line to another. 

Some cutters, and perhaps moat of them, read from the upper edge of 
the straight-edge A, Fig. 148, where the last four large blocks of the design- 
paper are represented by the numbers 48, 49, 50, and 51 ; other cutters, on 
the other hand, read from the lines of the design-paper under the lower 
edge of the reading-board. The reading-board is numbered here also with 
the last four blocks. In the latter method the cutter can see the parts 
of the design which are to be cut next, but in the former case it is evident 
that the immediate uncut continuation of the design is under the straight- 
edge. When a standard size of design-paper is used, the straight-edge A 
is often painted white, ruled to the same pitch as the design-paj)er, and 
numbered in pencil for the guidance of the cutter. 

A broad metal straight-edge is often used for a guide, and tliis metal 
edge, which is a fixture, is kept close in touch with the design-])aper and 
the reading-board by means of two flat springs — one near each end. The 
card-cutter then moves the design-paper after each line has been cut, 
instead of moving the straight-edge. In this case the paper is not pinned 
to the board. The reading is thus always on the same line, and this line 
may be chosen at the most convenient height to suit the cutter. So long 
as the broad metal edge or plate grips the paper securely there is little 
danger of going wrong, provided also that the j)aper is moved carefully 
after each line has been cut, and the design-paper marked or checked on 
every cut line. 

The production in regard to different pitches of cards and from different 
kinds of card-cutting machines for one or two particular kinds of designs 
has already been mentioned. It will be understood, however, that the 
speed of cutting is regulated not only by the skill of the operator, but also 
by the intricacy of the design ; in other words, the speed of cutting is 
regulated by the speed with which the various blocks of the design can be 
read. It has been shown that the selection of the keys by the fingers and 
thumbs of both hands naturally follows the reading of the squares of the 
design by the eyes, and, subsequently, the feet complete the cycle of 
operations for each short row (or double row in some cases) on the card. 
Three distinct operations are thus involved in this very important process. 
However quickly the feet may be moved, it is obvious that the two previous 
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selections must be accurately made before the actual cutting J^l^es place, 
and consequently the cutting speed is regulated in the first place by 
the quickness of reading, and in the second place by the rapidity with 
which the proper keys for each line can be selected. Hence it is only in 
connection with the simplest types of design that the reading and fingering 
can approach the maximum speed of tramping. This limitation probably 
accounts for the fact that, comparatively speaking, very few power 
cutting machines are in use in this country for the ordinary textile trade. 
A power machine, used in America, is illustrated in Fig. 1 19. 

In the lace trade, however, the reading is by means of numbers, and for 
.this particular class of design the power cutting machine has been used 
with some degree of success — indeed, it is said to be giving every satisfac- 
tion. But even in this case there will evidently be some difficulty in 
reading the numbers on the design, and selecting the proper keys in the 
headstock, with the same constancy as that which obtains in regard to 
the regular rising and falling of the punch box. As a matter of fact, 
although the machines may be driven by power, the essential relation 
between the punch box and the card carriage should be capable of being 
controlled in some way or other by the operator. 

The i)arts necessary for the successful use of power in connection with 
card-cutting ap})ear to be embodied in the power-operated card-cutting 
machine introduced about the year 1915 by Messrs. W. Martin & Son, 
Jacquard Works, Nottingham. Although this machine was invented 
with the sole object of being used in the lace trade, we see no reason why, 
with simple modifications, it should not be used for designs such as those 
for common-harness damasks, certain quilts, tapestries, double plains, and 
similar cloths, where the designs are for the most part in solid masses of 
colour and in unpainted and weaveless areas. 

A general view of the front of the above power-cutting machine with 
the headstock and the reading-board appears in Fig. 151. An ordinary 
design a])])ears on the reading-board, but, as already stated, the actual 
working design appears in numbers. In the first place, it shoitld be men- 
tioned that this machine and others for the lace trade differ from all 
ordinary card-cutting machines in that two cards are introduced side by 
side, and are cut simultaneously ; the guides for the two cards are seen 
clearly at the foot of the headstock in Fig. 151 and in Fig. 153. Our 
remarks concerning the use of a machine similar to this for the ordinary 
textile trade imply, naturally, the changes which would be necessary to 
arrange for the cutting of only one card at a time of the desired pitch, but 
otherwise the present parts appear quite satisfactory, necessary, and 
sufficient. 

The arrangements for driving the machine by power are illustrated in 
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Figs. 152 icnd 153^. The short shaft A, Fig. 152, and the cone pulley B 
are operated as usual by the fast and loose pulleys C. A short belt, not 
^ shown, passes partially round the cone pulley B and a similar cone pulley 
D on the shaft E. This belt is under the control of a belt-fork, which is 
moved laterally by means of the left treadle F, Figs. 151 to 153, and a cord 
G, The cord G passes over two grooved pulleys, as shown in Figs. 151 
and 153, and is then attached to the rod H, Fig. 152, and the latter in turn 
is fixed to the belt-fork. It will thus be seen that, although a constant 

speed is imparted to the 
shaft A, the speed of the 
shaft E may be regulated 
by the movement of the 
left treadle F and the 
consequent movement 
of the belt on the cone 
pulleys B and D. The 
normal position of the 
belt is for the slow speed, 

but for very simple de- 

signs the s])eed may be 
increased by depressing 
the left treadle, and 
the mechanism can be 
humoured to require- 
ments. 

On the end of the 
shaft E, and near the 
front of the machine, 
Figs. 151 and 153, is 
fixed an eccentric J, 
which is attached as 
shown to the lower cross- 
head K. The latter is adjustably fixed by nuts L (see Fig. 154) to the 

two bars M, the lower ends of which are guided as shown by bracket 

N, while their upper ends are fixed to the upper crosshead 0, Figs. 153 
and 154. As the eccentric J rotates, the crosshead 0 receives the usual 
up-and-down motion. This eccentric obviously takes the place of the 
ordinary treadles, and it has already been pointed out that the downward 
movement of the left treadle in the foot-power machine causes the upper 
crosshead or headstock to rise, and at the same time causes the carriage 
and the card to move backwards one division. It is evident that even 
with the most skilful operative it would be a great disadvantage if the 
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and the headstock move nnifonnly, the movement of the <=™age « 
absolutely under the control of the operative, taking place only when and 

if one or more keys 
of the headstock are 
pressed in ; in fact, 
if, for any reason, the 
selection of the proper 
keys cannot be ac- 
complished by the 
time that the eccen- 
tric begins to draw 
down the headstock 
0, and if no keys 
. haj)])en to be pushed 
in, the downward 
niovement of the 
headstock has no 
effect upon the car- 
riage. 

The bars M are 
attached in a suitable 
way to the headstock 
0, upon which is the 
usual wooden cap P, 

Fig. 154. This view is 
a longitudinal eleva- 
tion of the machine 
and carriage, and, 
taken in conjunction 
with Figs. 155 and 
156, will explain the 
chief parts of the 

mechanism. Two t a nass through holes in the withdrawal 

studs or pins Q, one at each end o , p 8 

LLle the bars M, and serve to raise the withdrawal plate R to 
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highest ahA normj^ position after it has been depressed by any of the 
punches S or T. 

Secured to the withdrawal plate K are two plates W and W^, Fig. 156, 
and these plates are provided with pins X and A connecting-rod Y 
joins the pin X to the short arm of lever Z fulcrumed at 2 ; while in a 
similar manner the connecting-rod joins pin X^ to a short lever also 
fulcrumed at 2. The long arm of lever Z is attached at 3 to a connecting- 

rod 4, and the latter is 
attached to a link 5, which 
in turn is jointed to the 
lower arm of the bell-crank 
lever 6 fulcrumed at 7. 
Finally, a connecting link 8 
joins the upper arm of the 
bell-crank lever 6 to a short 
arm 9 which forms part of 
a rocking - shaft 10. This 
shaft 10 extends nearly the 
full length of the machine, 
as shown in Fig. 154, and 
its upi)er surface is pro- 
vided with a web 11, as 
indicated in Figs. 154, 155, 
and 156. 

The two prongs of a 
forked bracket 12 fulcrumed 
at 13, Fig. 155, drop over 
the web 11, and hence the 
bracket 12 is under the in- 
fluence of the web 11. Pro- 
jecting from the same stud 
on fulcrum 1 3 is a short arm 
14, and the end of this arm 
enters a suitable slot in a 
rectangular sliding plate 15, Figs, 154 and 155. This sliding plate 15 is 
provided with two oblique slots 16 and 16^; two small pins 17 and 17^ 
fixed to the catches or dogs 18 and 18^ project into these oblique slots 
16 and 16^ of the sliding plate 15. The bottom ends of the catches 18 and . 
18^ act upon the teeth of the rack 19, and thus control the movement 
of the carriage. In Fig. 154 the catch 18^ is in contact with the teeth 
of the rack 19, while the catch 18 is quite clear. 

The card 20 and the second card immediately alongside of it are between 
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the punch plates U and V\ and are gripped in the usual marinsr by the 
rat-trap 2 /on the short arm of lever 22 fulcrumed at 23 ; the necrasary 
^ . .1 1 00 Kv fliA volntft sDrinff 24 . The rat-trap 




* 

is released in ^ n 
the well- 
known man- 
ner by the ^ 
downward move- ^ 
ment of lever 25 
fulcrumed at 26. 

The carriage 
itself is supported 
by four wheels 
27, while a simi- 
lar number but 
smaller set of 
wheels 28 are 
attached to the 
pendent brack- 
ets 29 ; these 
two sets of wheels 
run on the upper 
and lower planed 
surfaces of the 
frame 30, and 
thus provide an 
easy and smooth 
niovementfor the 
carriage. 

We might now 
consider the 
working of the 
machine so far as 
the headstock is 
concerned. When 
any of the keys 
31, 32, or 33 are 
pushed in, their 

. ft! -.native ^ “ 

tie Sodden of tie pmche. foiee dom tie witMleinJ ^ 

■ downward-movement of the plate R naturaUy oscillates lever Z. Fig. 154, 
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about its frilcrum 2, and the further connections from the long arm of 
lever Z cause the 'bell-crank lever 6 to rotate slightly counter-clockwise, 
Figs. 155 and 156, and thus impart a clockwise movement to the rod 10 
*' and its web 11. The stud 34, Fig. 155, is introduced to enable the proper 
degree of backward movement to be allowed to bell-crank lever 6. 

The web 11 thus moves the forked lever 12 as well as the short arm 14, 
and the end of the latter causes the sliding rectangular plate 15, Fig. 154, 
to move to the left. In doing so, it is clear that the oblique slot 16^ will 
caus^ the pin 17^ to withdraw the catch 18^ from the teeth of the rack 19, 
but at the same time the oblique slot 16 will cause the pin 17 to force the 
catch 18 into contact with the teeth of rack 19. The point of the descend- 




ing catch 18 reaches the tooth of the rack just before the catch 18^ leaves 
the straight part of its tooth. This is necessary, for the carriage must 
remain stationary until the punching of that particular row is complete, 
and, indeed, until the punches are withdrawn from the cut portion of 
the card. 

When the headstock 0 is rising, the springs V force the withdrawal 
plate R to its highest position, and thus bring back the web 12 and the 
sliding rectangular plate 15 to their normal positions— those shown in 
Fig. 154. While this is taking place, the catch 18 is naturally rising and 
the catch 18^ falling. It is clear, however, that the catch 18^ must not 
take the same tooth with which it was in contact the last time it was down. 
When the catch 18^ is rising, it receives a slight clockwise movement in 
virtue of the pressure of the flat spring 35, and thus the lower end of the 
catch is moved to the left, and in descending the point of the catch comes 
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in contact with the sloping part of the neict tooth — i.e. the ine on the 
left of that with which the catch is at present in contact. The weight at 
the end of the cord is then free to draw the carriage backwards until the 
catch IS’^ assumes the vertical position, and these actions take place, one ^ 
row at a time, so long as one or more punches is or are covered by their 
respective keys. If, however, no key is pressed in, it is evident that no 
movement will be imparted to the withdrawal plate R, and hence the thin 
parts of the studs Q, Fig. 156, of the headstock or crosshead 0 will simply 
slide down and up the holes in the withdrawal plate R. It is this unique 
arrangement of connections between the punches and the carriage which 
overcomes the practical difficulties which obtain in certain power-driven 
machines of the ordinary type. 

In the above-mentioned lace trade, and also in connection with the 
particular types of fabrics which have been mentioned as being suitable 
for this ])ower machine, there are several places on the design where no 
punching is required on the corresponding rows of the card ; these similar 
numbers or blanks in the lace designs, or the blank masses in the other 
designs, may extend for several complete blocks, and since there is no 
alteration required in the lace design, and no weave or mark of any kind 
on the ground portion of ordinary designs, or of uncut, painted portions 
in some tapestry designs, there is no ordinary punch to be operated. A 
punch of some kind, however, is absolutely necessary to impart the desired 
movement to the withdrawal plate R and to the catches 18 and 18^ of the 
carriage ; hence, a dummy or spacing punch T, Fig. 150, is introduced, 
and this punch is operated by the large key 33 at the front of the headstock. 
Consequently, for all blank rows in the design-paper or their equivalents, 
it is only necessary to push in the key 33, and the dummy or spacing 
punch T then fulfils the desired function for the row-by-row movement 
of the carriage. 

Fig. 157 is a more or less diagrammatic view of the keys and 
punches. The 14 ordinary punches S — two sets of 7 — are operated by 
the 14 keys marked 31 and 32, while the two peg-hole punihes 36 are 
operated by the two keys 37. The operative, therefore, moves the 8 keys 
31 at the back of the headstock by his fingers, while his two thumbs 
control the remaining 8 keys at the front — 4 with each thumb. 

After all the rows in the card have been cut, it is necessary to break 
the connection between the catch 18^ and the teeth of the rack 19, Fig. 154. 
This is done as follows : Fixed near the right-hand end of the rack 19 is 
a bracket 38, Fig. 158. The upper surface of the projection of this bracket 
is inclined as illustrated, and upon this inclined surface rests an antifriction 
roller 39. The roller 39 rotates on the pin of bracket 40, and is supported 
by the rod 41, while a light rod 42 is fixed to the bracket. A chain 43 
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passes ov« tlie pulley 44, and connects tfie rod 42 with the right treadle 
45, Fig. 153. Hence, when the right treadle is depressed, the rod 41, 
Fig. 158, and bracket 40 are pulled to the right, the antifriction roller 39 
*' acts upon the inclined surface of bracket 38, and the rack 19 is caused to 
descend clear of the catch 18b Fig. 154. The carriage may then be pulled 
forward to any particular row on the cards, or to the starting point near 

the headstock. When the 
pressure on the right treadle 
45 is withdrawn, the springs 
46, Fig. 154, which were ex- 
tended in virtue of the down- 
ward movement of the rack 1 9 
and its supports 47, raise the 
rack to its normal position. 

It should be mentioned 
that the cards which have 
been cut up to the present in 
the above machine are for use 
on what is known as the 
“ Lever’s lace machine,” which is quite different from the machine which 
is used for the lace-curtain trade. The jacquard machine for the latter 
fabrics is situated and operated very similarly to those used for ordinary 
weaving, whereas the jacquard for the Lever’s lace machine is at the 
end of the machine. Its action is also quite different from the usual 
jacquard in that the holes 
in the card, or rather the 
blanks, actuate what are 
known as droppers,” and 
these in turn operate a series 
of steel thread bars. The 
number of thread bars in 
the machias varies according 
to the kind of lace which is 
being made, and one short 
row on the card is required for each thread bar. For example, 120 
rows on the card are required for 120 thread bars. Moreover, the holes, 
or rather blanks, in the card have different values according to the 
distance that the thread bars have to move. The thread bars naturally 
move according to the pattern, and their movements are in terms of 
“gaits.” Thus, a 10-point machine has 20 gaits per inch ; an 11-point / 
machine has 22 gaits per inch, and so on. Three of the holes in each 
short row of the card represent 8 gaits each, or 8 units of motion ; while/ 
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the remaining four holes in each short row represent, respectively, 4 gaits, 

2 gaits, 1 gait, and J gait. Consequently, each shori, row on the card 
represents, as a maximum, 31J gaits. If, say, droppers to the value of 
23 gaits are required, the cutter presses in the keys which allow droppers ^ 
to the value of 23 to be pushed into action with the thread bar. To do 
this, however, it is necessary to make a mental calculation, thus — 

31J - 23 =8| gaits to be cut ; 

and he therefore presses in one key for an 8 gait and one key for |^ait, 
which leaves blanks the value of which amount to 23 gaits. 

The two cards which are punched at the same time differ in the cutting 
— one card is for the front motion of the machine, and the other card is ' 
for the back motion. Similar mental calculations have to be made for 
both cards. We shall probably deal more fully with this branch when 
the time arrives for describing the various types of jacquard machines. 

A fairly extensive range of the methods employed for the preparation 
of jacquard cards by various types of card-cutting machines has been 
illustrated and described, and it is quite evident that, even at the best, 
the processes of reading the marks on the design-paper, and the subse- 
quent operations of fingering and stamping, are not only lengthy, but also, 
on the whole, tedious ones. 

So far as the writer’s knowledge goes, no really efficient mechanical 
arrangement has been introduced to supersede this almost universal 
method of reading and cutting for cards to be used on jacquard looms. 
With the advent of electricity for industrial purposes the attention of 
inventive minds was turned, inter alia, to that of solving the card-cutting 
operation electrically, and some very ingenious and praiseworthy efforts 
were made towards this end. Perhaps the two best-known systems were 
those known respectively as the Szczepanik and the Zerkowitz — both 
obviously of Continental origin. An exhaustive account of these systems 
cannot be attempted here, but it would be inadvisable, in a work of this 
kind, not to mention these meritorious attempts to solve a difficult problem, 
especially when it is quite likely that the subject will again claim con- 
sideration. 

The above two systems have very little in common unless we suggest 
that the failure of both was due, not so much to the inability of the appar- 
atus to cut the cards, as to the difficulty of preparing the surface from 
which the electrical contacts were made, and the equally important diffi- 
culty of carrying out the combined processes of selecting and cutting at a 
cost which was low enough to tempt manufacturers and others interested 
to substitute the processes for those which were established, and which 
still remain supreme. 


0 
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Notw^tkstanding these serious, and at the time effective, drawbacfks to 
the introduction of electrical apparatus, the writer is of the opinion that, 
with the gradually increasing facilities offered by ever-advancing additions 
••to electrical apparatus, it is quite possible that the combined efforts of 
electricians, chemists, and textile experts will succeed in placing a prac- 
ticable electrical card-cutting machine on the market. It was on the 
advice of the writer that the experiments were discontinued in connection ■ 
with the Szczepanik system, and this course was not decided upon without 
a reasonable knowledge of the difficulties which then existed: The scheme 
was not sufficiently developed to enable the apparatus to compete with the 
existing mechanical methods ; and besides, at the time, a more important 
branch was in a higher, though still imperfect, stage of development. 

One very serious fault in connection with the introduction of revolu- 
tionary-like apparatus is that those directly connected are prone to claim 
advantages far in excess of the capabilities of the apparatus, even at its 
best. It is a much safer plan, and one more likely to inspire confidence, 
to attempt to capture the trade for the simpler work — the other will follow 
if the apparatus is capable of conducting it satisfactorily, economically, 
and quickly. 



CHAPTER X 

READING-IN FRAMES AND CARD- PUNCHING MACHINES FOR LACE, 
TAPESTRY, AND SIMILAR TRADES 

In connection with certain methods of card-cutting and repeating 
mechanism, the piano card-cutting machine is displaced by a type of 
“ reading-in ” frame which is provided with a number of vertical cords or 
strings equal to the number of needles in the jacquard. Then individual 
horizontal or cross cords are interlaced amongst the vertical cords in a 
manner somewhat similar to, but more simply than, that which obtained 
in connection with the draw-boy jacquard. Thus, Fig. 159 illustrates on 
a small scale the principle employed. The vertical cords A, equal in 
practice to the number of needles in the jacquard, are kept separate by 
means of the pegs or pins B, and the point-paper design placed behind the 
cords so that the latter may pass over and partially cover the vertical 
rows of small squares ; if necessary, the design can be placed over the 
cords, and the pins B marked in some way to facilitate the selection of 
the cords with respect to the painted and unpainted squares of the point- 
paper design. In some districts the point-paper designs are still men- 
tioned as containing a certain number of cords ; this distinction is probably 
due to the relation between the design-paper and the vertical cords in 
Fig. 159. 

The reader-in places a horizontal cord, say C, Fig. 159, ^mongst the 
vertical cords A, according to the marks and blanks of the point-paper 
design. When this cord C has been inserted, it is slid downwards on the 
vertical cords A, and a second cord D, for the second pick of the design, 
is interwoven amongst the vertical cords A. For example, the two cords 
C and D represent the picking out for the two detached picks immediately 
under the design. 

The reading-in may start either at the top of the design (the last pick) 
or at the bottom of the design (the first pick). Such a method is employed 
m connection with the preparation of cards for jacquards used in the 
manufacture of certam kinds of lace curtains, but, as will be pointed out 
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shortly, tho method for this particular branch of the textile industry is 

being replaced by more modern processes. 

When all the picks of the design have been provided with a correspond- 
ing number of horizontal cords, C, D, etc., Fig. 159, the combined cords 
are taken to work in conjunction with apparatus somewhat similar in 
principle to the mechanism in Figs. 345 to 349. The sheet of cords in 
Fig. 159 is placed flat on a table, the upper ends of the warp cords (the 
original vertical cords A) secured firmly to the table or other suitable 
support, and the lower ends to another series of cords which arc attached 
to the above-mentioned apparatus. Each cross-cord or pick is then 

taken separately, and an iron 
bar inserted in the order 
amongst the threads ; this iron 
bar is then pressed downwards 
to draw a number of cords equal 
to the number under the bar, 
with the object of preparing a 
plate of punches similar to those 
in plate 4 in Figs. 346 to 349. 

This plate of punches is then 
taken to a powerful punching 
machine, usually provided with 
two cranks, which completes 
the punching of a whole card 
at a time, and by very similar 
means to those in connection 
with Fig. 307, or Figs. 324 to 
327 — that is, the card is placed 
between the punching jflates, 
Fio. 159 . and then the complement of 

punches forced through the card 
as the bottom plate is forced upwards by the two cranks. 

The lashing or string system of reading-in, as demonstrated in Fig. 
159, although being supplanted by more mechanical devices in the lace 
industry, is extensively practised on the Continent in the preparation of 
cards for tapestry and other designs on a large number of cords, and in 
which the weaves used are difficult to insert on point-paper, or difficult to 
memorise by a card-cutter. When the reading-in is completed, the subse- 
quent operation of punching the cards is conducted in different ways, as 
demonstrated in Chapter XVIII. ; the reader, however, is advised to 
study the remainder of this chapter, which deals with analogous systems 
adopted in the lace industry, before considering the application of 
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the reading-in frames to the elaborate mechanism displayed Chapter 

XVIII. 

Fig. 160 illustrates one ty])e of mechanism for the purpose as made by 
Messrs. William Benson, Ltd., Kobin Hood Works, Nottingham. The 
necessary number of vertical strings 

A, together with their essential 
cross-cords, constitute the equiva- 
lent of the jirepared simple illus- 
trated in Fig. 399, and, as already 
mentioned, the cords for the lace 
trade are arranged horizontally to 
facilitate the selection of punches 
for the card - cutting machine. 

Thense two sets of cords are repre- 
sented in Fig. 1 60 by the stretch A. 

The right-hand ends of the cords 
A are secured to the adjustable bolt 

B, while the left-hand ends of the 
same cords are fastened to the 
cords (/ ; the latter in turn are 
hooked to the adjustable needles I) 
of the automatic card - punching 
machine on the extreme left of the 
figure. 

Two views of the automatic 
punching machine are illustrated 
in Figs. 161 and 162, the former 
view rejiresenting the feed side, 
while the latter view represents 
the delivery side. A non-auto- 
matic feed machine is also made 
by the above firm of engineers, and 
the card-punching machine used for 
this method is illustrated on the 
right in Fig. 163. The selecting 
or reading-in machine which is 
used in conjunction with the non- 
automatic card-punching machine is shown on the left in" Fig. 163. 

In both cases the selection of the necessary cords C, Fig. 160, for each 
card to be cut is made by apparatus similar to that described. But, 
whereas one operative can conduct the whole of th ■ work in conjunction 
with the mechanism illustrated in Figs. 160 to 162, two operatives are 
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required fot half th/^ production of the same class of work with the machine 
illustrated in Fig. 163. The operative who attends to the latter card- 
,, punching machine removes the plate of selected punches from the machine 
on the left, places it in position on the feed table of the machine on the 
right, inserts the blank card, and the machine then punches all the required 
holes in the card at one stroke. 

On referring to Fig. 160, it will be seen that all the original vertical 
cords A pass over a rod E and under a second rod F. The second rod, 
which is held in the movable bracket levers G (one only shown) fulcrumed 



at E, is capable of being oscillated through the requisite angle by means 
of the pinion H and the rack J of the lever K, fulcrumed at L. 

The rod F, Fig. 160, is inserted amongst the cords A according to the 
interlacing of the first cross-cord. Then, when the bracket levers G are' 
moved counter-clockwise the affected cord C will clearly pull the corre- 
sponding horizontal needles D clear of the upper ends of the vertical 
needles M. When the selection has been made by placing the rod F 
amongst the cords A, the operative, who stands on the platform N, presses 
down the treadle 0 fulcrumed at P ; this action operates lever Q, link R, 
lever S fulcrumed at T, and rod U, and this rod, through suitable con- 
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n€ctions, releases a driving bolt which engages with studs, an^ causes the 
machine on the left to make one revolution, after which a cam withdraws 
the driving bolt. The machine may also be started by means of the 
handle V. It will be seen that when the machine on the left starts, a cam 
W, acting on an anti-friction roller X, causes the latter to impart motion 
to the rod Y, and hence to lever K, since rod Y is attached to the latter 
at Z. This operation is repeated for every cross-cord, that is, for every 
pick of the pdint-paper design. The stretch between the horizontal needles 
D, Fig. IGO, and the rod F is much greater than is represented in the figure. 



Fia. 162 

In Fig. 160, eight vertical needles M only are shown along with a 
corresponding number of horizontal needles D. The actual construction 
of these parts differs slightly from that illustrated in Fig. 160, and a better 
idea of the arrangement will be obtained from the enlarged view in Fig. 
164, where the ends of the cords A are shown attached to the hooked ends 
of the horizontal needles D. These needles are staggered in order to 
obtain more space, and thus to admit of stronger parts. There are two 
rows, or 32 horizontal needles D, for each pair of rows of vertical needles 
M, but 16 of each set only are shown in Fig. 16^. But since the next 
16 horizontal needles D are midway between those shown, it follows that 
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the horizontal needle has been drawn forward by a cord C, the compressed 
spring 2 carries it back to its normal position. Suitable guides as shown 
are provided for both sets of needles. 



X READING-IN FRAMES AND CARD-PUNCHING MACHINES 201 

The actual punches 3 are located in the fixed bloct i * ti. 
movable block 5, while the canl f! to I, i ^ 

As Illustrated in Fig. 164, one full row of Ifi horizontal needles D 
)s shown with the free ends of the needles over the 16 vertical needles M 
and the card -6 is in position between blocks 5 and 7 ; hence, when the 
block 7 IS raised by the cranks, the block 5 will also be raised, as w%ll as 



Fig. 104. 


the card 0. The punches 3, however, are held stationary by* the ends of 
the horizontal needles D, and, consequently, the lower ends of the punches 
3 are forced through the card 6, and enter the holes of the lower block 7, 
carrying the punched-out discs of cardboard with them. If, however, all 
the 16 horizontal needles D had been drawn to the right by the move- 
ment of the corresponding cords C, Figs. 160 and 164, the upward move- 
ment of the blocks 7 and 5, and card 6, Fig. 164, would enable the card 
to carry upward the punches 3 and the vertical needles M, since under this 
condition there is nothing to hold the latter firmly in position. 

The above description represents two extreme.^ -a full row punched 
and a full row left blank — but any number of rows or partial rows, in any 
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order, can be punched or missed as desired. An enlarged detached view 

of two punches 3, two vertical needles M, and parts of two horizontal 
, needles D, appears in the upper left-hand corner of Fig. 164. The upper 
needle D is in the active position, while the lower needle D has been with- 
drawn. 

After each card has been cut in the automatic machine, the next card 
to be cut, the lowest one in the magazine 10, is automatically carried 
forward, through a slot opposite the lowest card and near l^e base of the 
magazine, by means of slides which operate in grooves in the table ; these 
grooves are clearly shown in Fig. 161. 

The card is fed in by means of a spring and suitable levers, while a 
cam on the shaft 11, Fig. 160, withdraws the slides. As the new blank 
card is being placed in position — that occupied by the card 6 in Fig. 164 — 
it pushes out the newly punched card, and the latter slides down the 
incline 12, Fig. 160, and drops into the receptacle 13. In Fig. 162, a card 
newly punched is shown descending the slide 12 towards the other cut 
cards in the receptacle. 

Messrs. Benson’s most modern type of apparatus for the preparation 
of jacquard cards is illustrated in Fig. 165. The automatic card -punching 
machine on the left is identical with that shown in Fig. 160 ; the driving 
pulleys 14 in the latter view" are omitted in Fig. 165, but the pitch circle of 
the small pinion 15 and that of the large wheel 16 on the main shaft 11 
are shown. 

The difference between the view\s in Figs. 160 and 165 lies in the 
method of selecting the horizontal needles D by means of the cords C. In 
Fig. 165 the cords C play the same part as harness cords in jacquards, 
and may be tied up to the horizontal needles similarly to harness ties in 
order to minimise the number of needles and hooks used in the jacquard 
machine on the right when repetition of pattern occurs. 

The cords C are attached to the bottom bends of the hooks 17 of the 
jacquard ; these hooks are arranged horizontally as shown, and the 
normal positions of their upper or right-hand bends or hooks are off the 
knives 19 of the griffe 20. A corresponding number of needles 18 are 
loosely attached to the hooks 17 in order to move the latter on or off the 
kmves 19 of the griffe 20 as desired. The griffe can be adjusted by means 
of the hand-wheel 21, a pair of bevel pinions, rod 22, and a suitable screw. 
The lower ends of the needles 18 project through the needle-board 23. 

When this apparatus is used the pattern is cut on a common straw- 
board card by means of a piano card-cutting machine. Then these cards 
may be fed by a boy on to the 12-8ided cylinder 24, which is connected 
by link 25, bell-crank lever 26, and other rods and levers so as to be 
operated from a cam on the main shaft 11 of the automatic punching 
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machine. A somewhat similar arrangement of cam, levers, and rods 

enables the lever 27 to operate the grilfe 20. The machine can be placed 
in and out of action by the treadle 28, lever 29, and rod 30. 

Instead of placing the cards singly on the 12-sided cylinder 24, they 


may be joined together as at 31, or 
made into a similar chain by means 
of gummed tapes, in which case a 
4-sided cylinder 32 replaces the 
12-sided cylinder 24. When the 
cards are fed singly on to the 
latter cylinder, the speed is 20 
cards per minute, but when formed 
into a chain they may be oper- 
ated at 35 cards per minute by the 
4-sided cylinder 32. 

Some cards have 14 holes per 
row, others have 10 per row as 
indicated. The end of one of the 
latter is shown detached immedi- 
ately above the ])unch press in 
Fig. 105. Various lengths of cards 
are used, sometimes 135 rows of 
10, or more, or 2100 capacity, with 
two, three, or four lines of lacing 
according to the length of the card. 

An excel lent arrangement is that 
which embodies the patent reading- 
in machine by Mr. Archibald Frame, 
Jacquard Card Puncher, Darvcl, 
Ayrshire, and the above-mentioned 
automatic punching 
machine, both of which 
are made by Messrs. 

William Benson, Ltd., 

Engineers, Notting- 
ham. The patent 
reading - in machine 
is illustrated in Figs. 





100 and 107; the former is a front view, while the latter view shows' 


the two machines coupled up ready for work. 

The cords A from the machine illustrated in Fig. 160 are attached to 
the lone left-hand bends of a series of horizontal hooks of a jacquard ; 
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these hookSi are shc^wn behind the headstock of the modified piano machine 
in Fig. 16G; the positions of several rows are illustrated, but only the 
^ first hook in each row is visible. The cords which bridge the gap between 



Fig. lOU. 

the above-mentioned hooks and the horizontal needles of the automatic 
punching machine are shown clearly in Fig. 167. 

The headstock of the machine may have any convenient number of 
keys, and in the machine illustrated there are 12, of which 4 arc at the 
front and 8 at the back. These keys are operated while reading the 
design, one short row at a time. Behind the headstock are 12 vertical 
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rods, eack rod being provided with two flat springs behind slnd with a 
hinged horizontal arm in front. The horizontal arms" are controlled by 
three-armed punchers or plungers, one arm of which carries the fulcrum, 



another is capable of being acted upon directly by the key finger of the 
headstock, while the third determines whether the hinged horizontal arm 
shall be clear, or in the patli, of a sliding part attached to, or rather moved 
by, the uj)f)er end of a bell-crank lever, the lower arm of which is connected 
by a rod to the foot-treadle. All hinged horizontal arms which are not 
depressed (ie. arms corresponding to piano keys not p essed in) are pushed 
forward by the sliding part, and hence the corresponding vertical rods 
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are pushf^c^ forwafd in their slides, and returned to their normal positions 
by their flat springs. The 12 vertical rods act directly on a corresponding 
number of needles in an intermediate box, and these needles in turn act 
upon 12 needles (one short row) of a special jacquard, and move their 
hooks accordingly. These are the hooks shown in Fig. 166, to which the 
cords are attached. 

The intermediate box of 12 needles is attached to two vertical spindles 
fixed to two light sprocket chains, and the latter are carried by sprocket 
wheels ; the box is adapted to be moved upwards or downwards as desired 
by the foot-treadle and connections. Each short row of needles in the 
special jacquard can therefore have its necessary needles pushed in by 
the needles of the intermediate box, because the latter moves through 
the distance between each pair of short rows of needles of the special 
jacquard. These needles, and the hooks to which they arc connected, 
remain where they have been placed by the needles of the intermediate 
box until the operative is ready to release them. 

In this way the painted and unpainted small squares between each 
pair of heavily marked lines on the design-paper are recorded, as it were, 
on the needles and hooks of the special jacquard through the action of the 
above-mentioned key fingers, three-armed plungers, slide, vertical rods 
and the needles of the intermediate box. Some of the hooks have their 
short bends (those on the right) placed over the knives of a grifie, while 
other hooks are clear of the knives. 

When the pick line of the design is completed, the operative touches 
the connection to the clutch mechanism of the automatic jmnching 
machine, when a complete ^card is cut, after which the card is ejected 
by the next card taken from the card magazine by the automatic feed 
mechanism. 



CHAPTER XI 

LACING AND WIRING CARDS BY HAND 

After all the cards for any particular design have been cut and numbered, 
it is necessary to join them together in such a way that they may be pre- 
sented in successive order between the faces of the cylinder and the ends 
of the needles of the jacquard, and so enable the latter, in combination with 
the hooks, harness, etc., to reproduce the design on the cloth by the correct 
interweaving of the threads and picks. 

The lacing of the cards in the form of an endless chain is absolutely 
essential, but the operation is often considered as being of secondary im- 
portance. This is a mistake, for imperfect lacing may result in imperfect 
lifts, and in a high percentage of wear and tear in the cards themselves. 
Carefulness and accuracy are just as essential in this branch as in any 
of the other branches concerned with the preparation of jacquard cards. 

The correct degree of tension should be imparted to all the lacing twines, 
and at all sections, so that the cards will neither hang loosely over the 
pegs of the cylinder, nor yet have a tendency t6 draw each other up above 
the points of the pegs. Tightly laced cards are more troublesome than 
comparatively slackly laced ones ; efforts, therefore, should be made to 
lace the cards so that they will drop easily on to the pegs of the cylinder, 
and not ride on the upper surfaces of the pegs. With constant work the 
lacing twine stretches slightly, as a rule, particularly if it is made of cotton ; 
but the cards in a loose form fall more easily over the pegs on to the cylinder 
than do those which are laced too tightly. Sometimes the faces of one 
or more cylinders are rather deeper than others of the same denomination 
of machine, and this defect will clearly hinder satisfactory work. In order 
to counteract this defect, it is a good plan to have each face of the cylinder 
grooved where the three or more rows of lacing come, so that the cards 
may fit quite close to the cylinder. 

There are two distinct ways of lacing jacquard cards — viz., by hand 
and by machine. Each method has its advocates, and there are advantages 
and disadvantages connected with both. It is natural to conclude that 
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the proc^s^ of harid-lacing is very much slower than any of the mechfinical 
processes. Althoi^h the hand-lacing is such a comparatively slow process, 
and necessitates a maximum number of knots on the twine, the process 
on the whole results in a very satisfactory set of cards, particularly if all 



the lacing is done by the same person. It is, however, more costly than 
the machine lacing, but nevertheless it is largely practised by those firms 
who have not sufficient work to keep a machine employed continuously, 
and by many who have a considerable amount of lacing to do. • 
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The cards are laced on what is almost invariably termed a “ lacing 
frame.” Several forms of these are in use, but the general requirements 
are such that there is very little difference between the frames themselves, 
and not much difference between the methods employed for supporting 
them. Figs. 168 to 170 are illustrative of the simple apparatus which is 
often used for this branch of the work. Fig. 168 is a front elevation, 
Fig. 169 is an end elevation, while Figs. 170 and 171 are plans of two 
different kinds.of lacing 
frames on similar suj)- 
ports. 

The frame A is often 
made rectangular in 
form, as shown in Figs. 

170 and 171. Two long 
pieces of well-seasoned 
wood — say from 8 ft. 
to 10 ft. long, 3 in. to 
3^ in. wide, and 1-J- in. 
to IJ in. thick — are 
joined together by end 
pieces ; the distance be- 
tween the outer edges 
of the two long boards 
is slightly less than the 
length of the cards 
which are to be laced 
on the frame. Some- 
times the end pieces 
are omitted, and the 
two separate long 
lengths of wood are 169 

placed the proper dis- • 

tance apart on the trestles B ; this arrangement is often used when there 
are different lengths of cards to be laced, in order to obviate a 
multiplicity of frames. Since it is desirable — and, indeed, essential — 
that each card should be equidistant from its neighbours, it follows 
that some accurate method must be employed to preserve this con- 
stant distance between successive cards. There are two general ways 
of doing this : 

1st. By inserting boxwood or other hard pegs C and D, Figs. 168 and 
169, quite close to the outer edges of the two long v )oden boards of the 
frame. 
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2nd. ‘Ely inserting broad wire staples E, Fig. 171, equidistant along 
the two boards of the frame. 

The frame as a whole, or the two detached boards if in this form, 
may be kept stationary by drilling a hole into each end of the frame 
or boards A, and a corresponding hole into the upper part of each trestle 
B. Then, by countersinking the hole in the frame A, a loose bolt F 
may be passed through the frame and into the trestle, so that the head 
of the bolt is flush with the upper surface of the frame, {ind hence will 
offer no obstruction to the free movement of the various lengths of 
cards when they are being removed from the frame, or when damaged 

sets are being drawn on to the frame to 



belonging to 8-row ordinary pitch jacquard 
machines. The lower set of pegs D is 
fixed in a similar way, but sufficiently far apart to accommodate 12-row 
cards such as are used on most 600’s and 900’s machines. In Fig. 170 
there are 14 cards of the 400*8 type on the pegs C, while in Fig. 171 
there are 2 cards of the 600’s type between the broad wire staples. 
It will be understood that in a similar board to that in Fig. 171, but 
intended for 400’s cards, the wire staples E would be the same distance 

apart as the pegs C in Fig. 168. In the two views in Figs. 170 and 

171 the cards are uncut except with regard to the peg holes for the 
jacquard cylinder, and the three sets of holes — two in each set — on 
each card for the three distinct rows of lacing. It will be observed 

that the two rows of pegs C on the same surface of the frame A are 

the same distance apart as the two pegs on each face of the jacquard 
cylinder ; hence, if there is any mistake in the position of the peg- 
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hole on the card, or if the peg-hole should by any chance bfe Admitted, 
the defect will be quickly recognised when an attempt is made to place the 
card on the pegs. On the other hand, no such provision is made in the 
frame which is illustrated in Fig. 171. It is seldom, however, that such 
mistakes occur even with comparatively inexperienced card-cutters. The 
chief advantage of the frame with the wire staples is that the cards are 
quickly placed between the wires before they are laced, and as quickly 
taken off the frame when the lacing is completed. Both methods are in 
general use, but the peg frame illustrated in Figs. 168 to 170 is obvioiisly 
better adapted for keeping the cards in their correct position than is the 
wire frame in Fig. 171. 


A complete hand -lacing frame of 
American design and manufacture is 
illustrated in Fig. 172. It embodies. 


HIM 


as shown, the lacing frame proper on I 
three substantial metal supports. The . r 
two outside supports have adjustable [ — 

stands for the lacing twine, while the ^ 

middle support is provided with a 
double recej)tacle for the cards which are to be laced. 


There are two distinct methods of placing the cards on the card frame : 

1st. With the numbers of the cards facing the observer, and with the 
first card on the left as illustrated by the four bits of cards marked 1, 2, 3, 
and 4 in Fig. 173. The operator may naturally start from either side of 
the frame to set the cards, but if the number on the card is farthest removed 
from her or him, and the correct way up as illustrated in Fig. 173, the 
cards are placed for what is technically termed “ forward lacing.” 

2nd. The cards may be placed with card No. 1 on the right hand and 
the remainder reading towards the left ; they arc then placed for what 
is technically termed “ backward lacing.” 

The order in which the cards must be placed on the frames shall receive 
attention shortly ; meanwhile we might assume that they are to be laced 
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forwards, *aiid as ^illustrated by the four portions of cards in Fig. 173. 
First of all, it will be observed that there are two rows only of small holes 
shown on each card below the large peg-hole. The bottom row in each 
card is cut for the „ twill for the second row of the jacquard — i.e. needles 
9 to 16. The upper row of holes on each card is opposite the 6th, 7th, and 
8th positions of the first row of the jacquard. The three holes in this first 
row on each card form a convenient method of dispensing with the necessity 



for cutting the selvage weave on all the cards for those machines where 
the selvages must be operated by the card itself. It will be understood 
that in some machines the selvages are operated direct by the cylinder 
and special needles and independent of the cards ; the needles for this 
work are never covered by the end of the card, but are nearer the end of the 
cylinder, and controlled by empty holes or xdugged holes according as the 
needles have to remain undisturbed or be pushed back. The above method 
of cutting holes on every card opposite those needles which control the 
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Fjg. 173. 


selvage threads, and other narrow tapes similar to selvages, is jjractically 
equivalent to the independent control of selvage threads ; it differs from 
it only in that no cutting is required for the independent method, while 
every card must be cut opposite all needles emi>loyed for these simjde 
weaves. The holes in the four faces of the cylinder must naturally be 
arranged to suit the weave required by plugging up the necessary holes— 
or, what is equivalent, inserting a tack at each of these places. Thus, 
suppose one single thread at each side of the cloth were required to weave 
plain merely as a catch-thread, while the adjoining threads— say 12 threads - 
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in the warp at each side— were required to weave in the 7. basket or hop- 
sack weave. The 8th needle might control the plain threads, both the 
same weave, while the 6th and 7th needles might weave respectively " - , 
and y , two threads being drawn through each mail or arranged separately, 
if essential, and each hook controlling twelve threads— six at each side 
of the cloth. In many jacquard machines there are two rows of spare 
needles— one at each end — and when this happens the above selvage 
arrangements might, if desired, be attached to the hooks at both ends 
of the machine, and thus eliminate crossed harness cords. Four needles 
would clearly be required if two different threads of the plain weave were 
required in addition to the basket weave. In this case four holes instead 
of three would be cut on each card, and the cylinder arranged to suit. 
This arrangement of cutting all holes opposite the needles for the selvage 
threads clearly simplifies the cutting, prevents mistakes, increases produc- 
tion in card-cutting, and offers facilities for changing the order of lifting 
the selvage threads. Suppose, for example, that six needles were utilised 
for this purpose, two for the plain weave, or for some other convenient 
order on not more than four picks to the round if two or more colours of 
weft were used, and the remaining four needles for the narrow tapes adjoin- 
ing the selvages. Six holes would be cut on every card opposite needles 
3 to 8 in the first row ; then any simple weave on four threads and four 
picks could be introduced into the tape portion of the selvage without 
altering the cards : simply withdraw the tacks and insert them according 
to the change of weave desired or necessary in that portion which is under 
the influence of the movements of needles 3 to 8 in the first row of the 
jacquard. 

In each line of lacing, only one line of which is shown in Fig. 173, there 
are two separate twines, and in order that the method of lacing may be 
made as clear as possible, these two lines are shown in distinctive markings. 
The two twines serve two objects : first and foremost, that of joining up 
the cards into a continuous length ; and, second, that of preventing end- 
long movement as much as possible. For preventing this displacement, 
or, rather, to minimise it, and to keep the cards in their proper positions, it 
is an invariable custom to cross the two twines one or more times for each 
card. In the illustration the twines are crossed only between the cards, 
and if this is sufficient for any particular set, the lacing is done in perhaps 
less time than if a different method of crossing were employed. 

The operation of lacing shall now be considered in conjunction with 
Figs. 174 and 175. A suitable length of twine — flax cord, cotton tubing, 
or other material — is cut off, threaded through the eye of a blunt-ended 
needle, and then laced into all the holes and between . each pair of cards, 
as is clearly illustrated in Fig. 174. This figure shows six cards for a 600's 
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jacquard machine, and a single twine is skown in each of the three rows 
of lacing holes. In practice, however, after one of these twines has been 
inserted in the manner illustrated, it is usual to lace the companion twine 
before anything is done with the two remaining rows of holes. The mark- 
ing for this particular lacing twine is in imitation of twisted threads, while 
its companion is in solid black ; see Fig. 175. 

Another length of twine is then cut oH and laced through the same 
holes, and between the cards, but in exactly the opposite *way ; in other 
woi*ds, the order of interlacing of the two twines is similar to the interweav- 
ing of two cutting threads. Although the direction of inserting the second 
lacing twine is always opposite to the direction of inserting the first lacing 



twine, the relative position of the former with respect to the latter may 
vary, as is exemplified in Fig. 175, where three distinct types of lacing 
are illustrated — two sets, A and B, laced forwards ; and one set, C, laced 
backward! 

In A the solid black twine, or second lacing twine, is crossed from one 
side of the light twine to the other side every stitch — i.e. three times 
for every card. 

In B and C the solid black twine is crossed from one side of the light 
twine to the other side twice only for each card, the manner of the 
crossing being plainly shown. 

The method of lacing shown at A is certainly better than either of those 
shown at B or C, since it is calculated to hold the cards more securely in 
their positions. Not only so, this method of lacing prevents to some 
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extend the cards from slipping on the laces when the latter b#etk at the 
loom. If the cards slip or slide on the laces, it is quite evident that the 
repairs cannot be made at the loom with the same security for future 
working as obtains when the cards near the broken twines do not slip. 

The methods of lacing illustrated at B and C are performed rather more 
quickly than that shown at A. Methods B and C take the same time if 
we assume that the black thread is introduced first in B, and the light 
thread first in C. In the latter figure it will be seen that the light thread 
occupies the outside position on all the cards, and that the second lacing 
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twine, the solid black one, occupies the outside position in the opening 
between each pair of cards ; hence, no threading is necessary^between the 
cards — the twine is simply drawn into position between them, and laced 
on the cards. It is obvious that the lacing at B can be performed similarly, 
but the twine must be crossed on the card. In A the second lacing twine 
must be laced between alternate pairs of cards. It need hardly be stated 
that these remarks refer to the two outside rows of lacing, for in all cases 
the twines of the middle row, or any intermediate rows, must be laced in 
every place. Although it is usual to lace each twine separately as indicated, 
some operatives become so skilful that they can use two needles at the 
same time, and thus proceed simultaneously with both lacing twines of 
one row. 
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All knots made by joining a new length of twine to the end of the 
finished length should be made on the top of the card, and preferably 
between the holes on the card ; this is the most natural })osition to tie 
‘ the ends together, and since no knots are under the card, the latter will 
be able to lie quite closely to the cylinder when it is in action, particularly 
if the faces of the cylinder are grooved as previously indicated. The 
lacing twine may be cut into suitable lengths and suspended ready for 
use, or it may be used from balls or from a bobbin, as illustrated at G, 
Figs.^ 168 and 169 and in Fig. 172. The man on the right in Fig. 127 
appears to be wiring a set of cards. These cards, which have been cut, 
show the three lines of lacing quite distinctly. 

Wiring . — Except for very short lengths of cards, it is essential to attach 
wires to the cards, at suitable distances apart, in order that the ends of 
the wires may rest upon the rails of the card cradle or support, and thus 
allow the cards to hang in groups, and also to occupy a minimum amount 
of room horizontally. The number of cards between each pair of wires 
depends, first, upon the depth of the card, and, second, upon the height of 
the jacquard and card cradle from the floor. 

In Figs. 168 and 169 the cards are hanging twelve deep — that is, there 
is a wire H every twenty-four cards. The wires are tied after cards num- 
bered 12, 36, 60, 84, etc., or every odd multiple of 12, and similarly 
with any other number. Thus, if the number of cards between each 
pair of wires is 2n, the wires would be tied after card numbers w, 3n, 
5w . . . (2m + l)n. The wires may be kept in any convenient and 
handy place ; in Fig. 168 they are shown in a suitable holder J fixed to 
one of the trestles. 

For 16J-in. cards the wires H are about 19 in. long, and although most 
of thejm are perfectly straight, they are sometimes made with a cranked 
part as illustrated in Fig. 176, or else with a similar crank in the middle of 
the wire. The crank illustrated coincides with the outside row of lacing 
which is laced first, and this provision clearly enables the wires to be tied 
so that their ends overhang the same distance, and thus secures uniformity. 
It also enables all the wires to rest on the sides of the card cradles satis- 
factorily, and to minimise defective working. 

Fig. 176 also illustrates one method of attaching these wires to the 
cards. Each wire is placed on the top of the lacing between the proper 
cards while the latter are on the lacing frame. In the illustration the two 
cards marked A and B are much farther apart than they are in practice, in 
order that the tying may be more satisfactorily demonstrated. Each wire 
is tied at three places where there are three rows of lacing, and in general 
at every row of lacing. The wiring twine, although shown thick in the 
illustrations, should be thin but tough, and preferably waxed ‘or lightly 
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tarreJ, and it should cross the wire and lacing so th^,t^ the will be 
secure. 

At C, Fig. 176, the wire H is shown on the top of the lacing, and the 
numbers 1, 2, 3, and 4 indicate the successive places into which the needle 
and cord are drawn. Thus, the needle first passes down at No. 1, then up 
at No. 2, across the top of the wire, and down at No. 3, and finally up at 
No. 4. The cord will then be as shown at D. The two ends of the cord 
are now tied twice on the top, one tie only being shown, at E. If the cards 
be turned over, the appearance of the under side of the cord will lye as 
represented at F, and it will be seen that the cord does not cross the wire 
at this side. Nevertheless, the arrangement results in a satisfactory tie. 

Another method of tying the wires is illustrated in Fig. 177. At C the 
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first position is shown with numbers to indicate the successive stages of the 
process. At D the cord, with the needle at the end N, shows that it first 
passed upwards through No. 1 ; it is then passed over the wire, down at 
No. 2, and up again at No. 3, as illustrated at E. The cord Ijien crosses 
the wire again as shown at F, under the wire alone as depicted at G, after 
which the two ends, which are clearly at present under the wire, are tied 
securely at the top of the wire ; the knots are not shown. The reverse 
side of the two cards A and B is shown at H, from which it will be seen 
that the wiring cord crosses the wire twice. The cord is thus crossed twice 
both above and below the wire. ‘ 

As each length of laced and wired cards is finished, it is lifted off the 
pegs of the frame and deposited neatly in bundle form, the length of the 
bundle being determined by the positions of the vires. Thus if there 
are 20 cards between the wires, the bundle will be 10 cards in length. 
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Occasionafly a roller is fixed on the end of each trestle, near the efids of 
the frame, to facilitate the transfer of cards to or from the frame. In 
Figs. 168 and 169 the laced and wired cards are suspended on two iron 
pipes under the frame ; this arrangement minimises floor space, but the 
projecting wires, unless covered, are apt to catch the lacing twine as the 
operation proceeds. 



Fig. 177. 


It will be gathered from the remarks which have been made, and from 
a general consideration of the jacquard machine, that the numbered end of 
the card faces the points of the needles when it is in action, and that the 
numbered end of the card is near the first row of hooks or the beginning 
of the 26-row side of 51 -row cards. It should be mentioned that in 
some districts the first row of the jacquard is taken to be that one at the 
beginning of the 25-row side of similar machines. 



CHAPTER XII 

THE RELATION BETWEEN THE JACQUARD MACHINE AND THE 
COMBERBOARD OR HARNESS REED 

We liave already had occasion to refer to the methods of reading the 
design and cutting the cards, but in order to supplement the reference 
and to remove any doubt as to what actually occurs, we introduce in Fig. 
178 six small weaves to represent sheets of design paper. The first weave 
A, in the way of the warp, is the ^ ^ twill to right, and since the small 
mark * indicates the junction of the first 
thread and the first pick, it follows that 
the threads Nos. 1 to 8 of the design 
are read in the direction of the arrow. 

When tbe first thread of the warp is on 
the left hand of the weaver, and is drawn 
through a mail in the back row of the 
comberboard or harness reed, as illus- 
trated in Figs. 3, 5, and 9, the jacquard 
cylinder and the cards are at the back 
of the loom over the warp for the Nor- 
wich or straight tie. In this case the first hook is governed by a needle in 
the top row, and the hook is obviously in the back row. When the design 
A, Fig. 178, is taken to the piano card-cutting machine, it is tujrned through 
180", and placed on the reading-board in the position indicated at B, and 
the reading and cutting must be from right to left as shown by the arrow, 
although the numerical order of reading the rows of the design is clearly 
still from No. I thread onwards. Hence the first pick of the design is at 
the top in design B, and the straight edge would be immediately under this 
first pick line, and would be moved downwards after each pick. 

If, for the same position of the cards and cylinder in the loom, the 
cutting starts from the bottom line of B, also from right to left, and the 
straight edge is moved upwards after each pick, r is clear that the last 
pick of the design will be cut first, and this card must obviously be 
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numbered Accordingly. For example, the holes and blanks in the two rows 
on the four cards illustrated at A and B in Fig. 175, reading from the right 
hand to the left and downwards, correspond exactly with the marks and 
' blanks of the picks 3, 4, 5, and 6 of design B, Fig. 178. The picks appear 
twice on each card. And evidently the same result could be obtained by 
cutting the cards in the order 6, 5, 4, 3, and arranging them as in Fig. 175. 
Consequently, when this or any other design is fixed on the reading-board, 
the cards may be cut in either of the following orders : 

1,2, 3, 4 (??— 2), (w— 1), n 

n, (w— 1), (71-2) 4, 3, 2, 1 

— provided that care is taken to number the cards accordingly, so that 
they may be placed on the lacing frame in the order indicated at A or B, 
Fig. 175, or as in Fig. 173. 

If, however, the same jacquard be placed on the loom in such a way 
that the cylinder and cards are at the front— that is, over the weaver’s 
head — the first needle will be in the top row, but the hook which it 
governs will now be in the row at the front of the loom, and on the right- 
hand side of the weaver ; consequently the first needle and first hook of 
the machine will operate in reality the last thread of the warp, j)rovided 
that the cloth is woven face side uppermost in the loom. At this stage 
it is assumed, for the sake of simplicity, that all the cloths are woven face 
upwards. 

Now if the cards shown at A and B, Fig. 175, \vere operating the 
needles of the jacquard with the cylinder and cards at the front of the loom 
and over the weaver’s head, as illustrated in Fig. 43, the twill and all the 
ornament of the design wnuld be reversed in direction. Thus, the effect 
on the cloth would no longer be as illustrated at A, Fig. 178, but w'ould 
appear as shown by design C in the same figure. It will be noticed that 
the order of movement in the threads in both designs A and C is 
Suppose, however, that the same eight cards (the middle four only of 
which are illustrated in Fig. 175) were laced backw’ards, that is, j)lace(l on 
the lacing frame so that the numbers would read 8, 7, 0, 5, 4, 3, 2, 1, from 
left to right, or in the order indicated by the four cards at C, Fig. 1 75, it 
will be found that the result in the cloth is identical w’ith the design D, 
Fig. 178. This alteration will obviously have caused the twill to move 
to the right as in the original design A, but the movements of the threads 
in the two designs are different. Thus : 

Each thread in design A is of the order , but 
1 ) ' ' 

>» >» »» »» »» 1 i! 

Evidently, then, the design on the cloth in the loom would be incorrect if 
viewed from the position occupied by the weaver. On the other hand, if 
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the cloth when removed from the loom were turned 'end fo^-^nd — ie, 
through 180° — the last pick inserted, or pick No. 8%f the design D, 
would be nearest the observer, and the effect in the cloth would then 
appear as indicated by the design E, Fig. 178, which is precisely the same ** 
as the original design A. 

If, therefore, the cards which have been cut from the original design 
(say the twill A, Fig. 178) are laced backwards, and the first inserted pick 
considered, as it actually would be, the last horizontal line or pick of 
design A, the result in the cloth would remain unaltered, provided , that 
the cloth is turned through 180°. The actual last thread of the warp 
would then become the first thread of the cloth. Hence, if all the threads 
of the warp arc of the same count and colour, or if the colour scheme and 
threads arc in the same order from the two selvages, any set of cards 
can be used as under : 

1. Laced forwards when the cylinder and the cards are over the warp 

at the back of the loom, as in Figs. 10 and 44. 

2. Laced backwards when the cylinder and the cards are over the 

weaver’s head at the front of the loom, as in Fig. 43. 

Similarly, if the cards which were cut from the design B, Fig. 178~ie. 
design A turned through 180° — were laced backwards and placed on the 
loom with the cylinder and cards over the w^arp, the direction of the twill 
would be reversed, and would appear on the cloth as exemplified by the 
design F, Fig. 178. The order of the movements in this design is 
but when turned through 180° it is and identical with the design C. 

Now suppose that the harness is drawn in with the first thread of the 
warp — that on the left hand of the weaver — in the front row of the comber- 
board or harness-reed, as in the lower diagram in Fig. 3, and that the 
cards and cylinder are at the back of the loom over the warp. The first 
needle in the jacquard w'ould now be in the bottom row of the machine, 
and the first hook would naturally be in the front row over the weaver’s 
head. In this case the design A, Fig. 178, would be placed on the reading- 
board in the same position as it appears in the illustration, and the reading 
and cutting would proceed from left to right. The straight edge would 
then be brought into line with the first pick — that is, under the first or 
bottom horizontal line of small squares of the design A, Fig. 178, and would 
be moved upwards one pick after each card was cut. The cards would 
be numbered 1 , 2, 3, 4 ... n, and it is clear that with this arrangement 
all the horizontal rows of small squares which had to be cut would be in 
sight— that is, not covered by the straight edge. 

In a similar manner to that already described with reference to the 
loom whete the draft of the harness is from back to front, it is also 
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neceBsar]^,‘when t'he harness is drawn from front to back, and when the 
cards occupy a position over the weaver’s head, to have the cards from 
the design A, Fig. .178, laced backwards, 8, 7, 6, 5, 4, 3, 2, 1, in which case 
** the effect on the cloth in the loom would be identical with the design 
shown at B, which is obviously a very similar effect to that shown in design 
A, and exactly the same if the design is viewed from the opposite end. 
The effect in the cloth would again be quite correct, if we consider the 
right-hand thread in the warp as the first thread with the cloth turned 
through 180®. 

To illustrate still further the connection between the various points of 
the design and the needles, hooks, and threads of the loom, we shall assume 
that all the warp threads are white and that all the weft threads are black ; 

this assumption will helj) con- 
siderably in regard to the con- 
sideration of the ornament on 
the upper and the lower sur- 
faces of the cloth. Fig. 179 
illustrates the ornament which 
is enclosed in the section B E 
in Figs. 108 and 109, with the 
exception of a small square area 
in each corner ; in these corners 
we liave inserted the numerals 
], 2, 3, and 4. The correct view 
of the lion rampant obtains, of 
course, when Fig. 179 is turned 
90° counter-clockwise ; the posi- 
tion illustrated, however, is cor- 
rect so far as the design in Fig. 
108 is concerned. The ground part of some point-paper designs is 
coloured and the figure left unpainted ; in most cases, liowever, it is 
usual to paint the ornament and leave the ground in the natural colour of 
the paper. This has been done in Fig. 179, although it is on plain paper 
and not on design paper ; the method therefore coincides in j)rinciple 
with that which was followed in the preparation of the actual point-paper 
design for Fig. 108. 

When two distinct shades of yarn are used in weaving, it is, in general, 
better to employ the light-coloured yam for the warp and the dark-coloured 
yam for the weft : there are occasions when the reverse may be necessary. 
If the light-coloured yarn were used for warp, and Fig. 179 were trans- 
ferred to design paper, the upper surface of the cloth would have a lion 
rampant developed in light warp on a dark ground, because pafnted areas 



Fig. 179. 
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on the design paper are usually, although not invariabfy, cut Id indicate 
warp threads on the upper surface of the cloth in the loom. 

It has been stated elsewhere that damask designs, as well as several 
other types of designs, are woven face downwards, hence with light- 
coloured warp and dark-coloured weft the under side of the cloth in the 
loom woven from Fig. 179 would be represented by a dark figure on a 
light ground, because the figure would be developed by the dark weft. It 
will be found to be more convenient for demonstration purposes to reverse 
the method of painting, but before doing this we shall consider the. dis- 
position of the jacquards and comberboards. 

With the Norwich or straight tie, the jacquard cards and the cylinder 
may occupy, as already mentioned, one of two positions, viz. : 

1. At the back of the loom, where the cards would hang over the warp 

threads. 

2. At the front of the loom, where the cards would hang over the woven 

cloth or above the weaver’s head. 

With the London tie, or quarter-twist tie, the jacquard cards and the 
cylinder are always at one or other end of the loom. 

The positions of two groups of jacquard looms, four in each group for 
the Norwich tie, are illustrated in Figs. 180 and 181. In these diagrams 
the rectangles A, B, C, D, E, F, G, and H indicate the bottom board of 
the jacquard machine, while the narrower rectangles o, 6, c, d, c,/, and 
h indicate the respective cylinders. The comberboards are under the 
bottom boards of the jacquards, and since the long sides of the comber- 
boards and the long sides of the bottom boards of the jacquards are parallel 
to each other, it follows that the diagrams represent the Norwich or straight 
tie. The set-on handles for the eight looms are represented by two groups 
of solid circles S, four in each group, which therefore indicate the positions 
of the driving pulleys. Occasionally, and particularly for certain wide 
looms, there arc pulleys at both ends, but the above disposition repre- 
sents the usual arrangement for the bulk of looms. 

In 51 -row jacquard machines it is customary to have 26 rows of needles 
and hooks in one section and 25 rows in the other section, and when view- 
ing the cylinder in the direction of the arrows in Figs. 180 and 181, the 26 
row is on the right-hand side— i.c. where the small letters a to ^ are 
situated. The actual positions of No. 1 needle, hook, and thread depend 
upon custom, and vary in different districts. 

In the first place, the threads of the warp may be drawn through the 
mails of the harness cords in two distinct ways : 

1 . From the back row of the comberboard or h?' rness-reed to the front 
rdw, as exemplified in Fig. 180. 
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2. FfoJn the front row of the comberboard or hamess-reed, as shown 
in Fig. 181. 

The holes in the comberboard (eight in the illustrations for a 400’s or 



Fig. 180. 


8-row machine, actual number 408 needles and hooks) are shown at an 
angle for clearness only ; it will be understood that they a])pear ])ractically, 
and in most cases absolutely, straight in practice. The order chosen 
makes no difference, of course, to the position of the outside threads, but 



Fig. 181. 


the two methods of drawing tlie threads demand attention and care in 
connection with all other parts and operations. 

In the eight diagrams in Figs. 180 and 181 we have marked the ])osi- 
tions of the first and last hooks (Nos. 1 and 408) in the machined, while the 
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corresponding positions of the holes in the upper face of the cjlihders are 
also indicated by similar numbers. The dotted lines from the machine 
to the comberboard show which threads of the warp are controlled by the 
needles and hooks. Thus : 

In looms A, D, E, and H, No. 1 hook controls No. 1 thread. 

„ B, C, F, and G, „ 1 „ „ No. 408 „ 

Fig. 1 shows the disposition of the chief parts of the jacquard as illus- 
trated in loom's A, D, E, and H, Fig. 180, while Fig. 2 shows the disposition 
of similar parts as illustrated in Fig. 181. The letters C and W in Figs. 1 
and 2 indicate respectively the positions of the cards and the weaver ; 
they arc on opposite sides of the comberboard in Fig. 1, but on the same 
side of the comberboard in Fig. 2. 

Figs. 182 to 189 have been prepared specially to demonstrate the 
alterations which take place in the delineation of the ornament illustrated 
in Fig. 179, according to the position of the jacquard cylinder with respect 
to the loom, and to the method of cutting and lacing the cards. The 
illustrations, with the explanations, might constitute a scheme of in- 
structions for cutting cards from different types of designs and for differ- 
ently arranged looms. 

The reader is asked to consider these figures as representing point- 
paper designs as well as representations of woven effects in the cloth, and, 
for simplicity, to consider each separate figure as occupying all the threads 
of the warp, unless otherwise stated. We might, for example, consider 
that each illustration is to occupy 408 threads, so that the number may 
correspond with that in the comberboards of Figs. 180 and 181. 

The ornament in Fig. 182, with the exception of the size of the four 
numerals, is identical in outline with that in Fig. 179 ; it differs from it 
in that the black and white masses have changed places, and the numeral 
3 has been altered in shape in order to make it unsymmetrical in all ways. 
Assuming that figured portions on the point-paper design had been left 
unpainted, and the ground portions painted as in Fig. 182^ and that 
unpainted masses had been cut on the cards, it is clear that the ornament 
would be developed on the surface of the cloth with the white warp threads, 
and the ground of the fabric developed with the black weft. 

Consider first the case where the cards have been cut and used on the 
cylinders of looms A and D, Fig. 180, with the face side of the cloth up- 
wards in the loom. In these two looms the first thread of the warp is on 
the weaver’s left ; while the last, or 408th, thread is on the weaver’s right. 
If, while cutting the cards, the point-paper design in Fig. 182 were upside 
down, and the lines were read from right to left, the woven effect on the 
upper side “of the cloth in the loom would be identical with Fig. 182, and 

Q 
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the nunfefals, as well as the remainder of the ornament, would be correct. 
By lacing the cards backwards the effect would be altered to that illustrated 
in Fig. 183 ; and although the lion rampant and the floral ornament would 
change only in direction if the cloth were turned through 180°, it will be 
.evident that the numerals are also changed, and would consequently be 
quite wrong. Indeed, if we imagine that Figs. 182 to 185 represent one 
complete cloth in which the harness is centre-tied exactly at the middle, 


Fig. 182. Fm. 184. ' 



Fig. 183. Fig. 185 


and the cards rotated forwards for half the number of picks and then 
backwards for the remaining half, we see a further demonstration of the 
case which has already been fully discussed in connection with Figs. 35 
to 37, where it was shown that letters, numerals, and the like, which do 
not happen to be symmetrical, should be developed only by single and 
repeating ties, and not by centre-tied harness, nor by the combination of 
forward and reverse working of the cards. 

Now consider the same set of cards used on the cylinders of looms 
B and C, Fig. 180. In these two looms the extreme right-hand thread of 
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the warp, that on the weaver’s right, although marked 408, i% Ireally the 
first thread, because it is operated by No. 1 needle and hook, while 
the extreme left-hand thread is the last thread, because it is con-^ 
trolled by No. 408 needle and hook ; hence the direction of all the 
ornament in Fig. 182 would be reversed on the cloth, and would appear 
as in Fig. 184. This shows conclusively that, although the animate and 
floral ornament might be acceptable, the numerals are all wrong. If, 
however, the. same cards are laced backwards, the order of all the picks 
in Fig. 184 would be reversed, and the effect in the cloth would be identical 
with Fig. 185. This figure is, of course, upside down ; but if the cloth be 
turned through 180°, the effect presented is precisely the same as that in 
Fig. 182. It will be understood that the above remarks refer, as already 
intimated, to a self-coloured warp ; if differently coloured threads were 
required to develop the various parts of the design, the order of the colours 
in looms B and C, Fig. 180, would be reverse to that in looms A and D, in 
order that the weave structure and the colour scheme may work in unison. 

From the above remarks it will be seen that if the cloth is woven face 
uppermost in the loom, the conditions are — 

A. The cards should bo laced forwards when the cylinder 
and the cards arc over the warp beam at the back 
of the loom, as at A and D, Fig. 1 80. 

B. The cards should be laced backwards when the 
cylinder and the cards are over the weaver’s head 
at the front of the loom, as at B and C, Fig. 180. 

We might, again, consider that Figs. 182 to 185 represent a complete 
cloth with the figures on the upper side of the cloth in the loom developed 
by white warp on a black weft ground. When such a cloth, composed of 
simple weaves and of single structure, is turned over from left to right, 
or vice versa, to exhibit what was the under side of the cloth in the loom, 
the result is obviously black weft figures on a white warp ground, as depicted 
in Figs. 186 to 189, the selvages having changed sides. The four designs 
in Figs. 186 to 189 are really exactly the same as those in Figs^. 182 to 185, 
with the black and white masses changed, but it is the point of view of the 
front and back of the fabric that should claim sole attention here. 

Suppose, for example, that the cloth upon which the figures are dis- 
played should be woven face downwards in the loom, and that the design 
on the face side should be black weft on a white warp ground. To simplify 
matters again, consider only the ornament in Fig. 186 as being the correct 
design but on the under side of the loom, and that the cards had to be cut 
from the point-paper design represented by Fig. 182, unpainted portions 
of Fig. 182 being cut as before. With these conditions, and the cards cut 
from righi to left as previously with the design turned through 180® on 


Cloth woven face upwards 
in loom. Design upside 
down on reading - board 
^nd cards cut from right 
to left. 
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the readiifg-boarci^ of the card-cutting machine, we should have developed 
on the upper surface of the cloth in looms A and D, Fig. 180 : 

1. The effect in Fig. 182 when the cards are laced forwards. 

2. „ „ „ 183 „ „ backwards. 

The reverse surface of Fig. 182 is that shown at Fig. 1 88. 

„ „ „ „ 183 „ „ Fig. 189. 


Fig. 186. 


Fig. 188. 



Fig. 187. 


Fig. 189. 


If now. Fig. 189 be turned through 180®, the ornament and numerals 
would appear exactly the same as the ornament and numerals in Fig. 186, 
and precisely the same as the corresponding parts in Fig. 182, but black 
and white masses would have changed places. 

With the same conditions, and the cards again cut from right to left 
from the design in Fig. 182 inverted, we should have on the upper surface 
of the cloth in looms B and C, Fig. 180 : 

3. The effect in Fig. 184 when the cards arc laced forwards. 

4. „ „ „ 185 „ „ backwards. 

The reverse surface of Fig. 184 is that shown at Fig. 186. 

„ » ft >f 186 „ „ Fig. 187. 
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And the ornament and numerals in Fig. 186 are exactly the same as 
those in Fig. 189 when the latter is turned through 180^", and just the same 
as the corresponding parts in Fig. 182, but black and white masses have ^ 
changed places. 

It would thus appear that if the point-paper design corresponding to 
Fig. 182 is inverted on the reading-board, and the cards are cut from right 
to left from unpainted portions, the under surface of the cloth in the 
loom is correct under the following conditions : 

• 

C. The cards should be laced backwards when the 
cylinder and the cards are over the warp beam at 
the back of the loom, as at A and 1), Fig. 180. 

1). The cards should be laced forwards when the cylinder 
and th(; cards are over the weaver’s head at the 
front of the loom, as at B and C, Fig. 180. 

In some linen damask factories where the cloths are woven face down- 
wards, all the cards for mottoes, names, and the like are laced backwards 
(and not forwards as mentioned in part D), and the cloths woven in looms 
in which the cylinder and the cards are over the weaver’s head. In such 
cases, however, the design is made for the right-hand corner of the cloth — 
that is, similar to the effect in Fig. 184 instead of as Fig. 182 — and the 
design placed the right way up on the reading-board. The use of the same 
type of loom, with reference to the position of the cylinder, is the practice 
adopted with the object of preventing any alteration in the lacing of the 
cards. In other factories, on the other hand, such cloths are woven in any 
suitable loom which happens to be at liberty, and the cards laced according 
to the position of the cylinder of the jacquard with respect to the loom. 

It will be seen that no alteration in the relative positions of the parts 
of the design will take place whether the figure or the ground of the design 
is painted on the point-paper ; the ground was assumed to have been 
painted in the foregoing description. If, however, we assume black warp 
and white weft, with figure parts painted on the design-paper, the results 
will be identical with those described in the foregoing discussion. It is 
only in special cases or special types of designs that the painting has 
anything to do with the actual colour scheme of the warp or weft. As a 
matter of fact, both warp and weft are the same colour in a great number 
of figured cloths. 

As already stated, the foregoing description has reference to the case 
where the design is turned through 180°, and therefore placed upside down 
on the reading-board of the piano card-cutting machine, as exemplified 
in the diagram in Fig. 190. Hence, the actual first pick, or first horizontal 
line of the design, is at the top, and, if the cards ire cut in the natural • 
order of numbering, the horizontal straight-edge would be moved down- 


Cloth woven face downwards 
in loom. Design upside 
down on reading - board 
and cards cut from right 
to left. 
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wards in tte direotion of the arrow A as the cutting proceeded. The 
direction of reading and cutting was taken to be from right to left as 
^indicated by the arrow B. 

If, however, the design be placed the right way up on the reading- 
board of the piano card-cutting machine, as indicated in the diagram in 
Fig. 191, the first pick or first horizontal row of small squares would 
clearly be at the bottom, and the straight-edge may be moved upwards, 
line after line, as indicated by the arrow C. It need hardly, be said that 
the gbraight-edge may be moved either up or down for either disposition 
of the point-paper design, and according to which arrangement happens 
to be suitable for the operator ; the only thing to remember is that the 
numbering of the cards must correspond to the numbers of the picks. 
In both cases, as demonstrated in Figs. 190 and 191, the numbering would 


408 1 

Firtt Pick 

•Lest Pick 

1 408 


Mi 



TW 


408 1 

Last Pick 

Fir^t Pick 

1 408 



B D 


Fig. 190. 


Fia. 191. 


be : 1, 2, 3 . . . 408. Should the movement of the straight-edge be 
changed in both cases, the numbers would be : 408, 407 . . . 3, 2, 1 . 

Now let us suppose that the design-paper is placed the right way up 
on the reading-board, as exemplified in the diagram in Fig. 191, and that 
the horizontal rows of small squares, or picks, are read, as in the first case, 
from right to left as indicated by the arrow D ; everything would be 
reversed as compared with the results from the other diagram, and we 
should have the following : 


Cloth woven face upwards in 
loom. Design right side 
up on reading-board and 
cards cut from right to 
left. 

And 


E. The cards are laced backwards when the cylinder and 

the cards arc over the warp beam at the back of 
the loom, as at A and D, Fig. 180. 

F. The cards are laced forwards when the cylinder and 

the cards are over the weaver’s head at the front of 
the loom, as at B and C, Fig. 180. 


Cloth woven face downwards 
in loom. Design right 
side up on reading-board 
and cards cut from right 
to left. 


fa 

H. 


The cards are laced forwards when the cylinder and 
the cards are over the warp beam at the back of 
the loom, as at A and D, Fig. 180. 

The cards are laced backwards when the cylinder and 
cards are over the weaver’s head at the front of the 
loom, as at B and C, Fig. 180. 
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Th*e complete particulars for both kinds of looms ir/Fig. l 80 * and for 
right to left cutting of the cards, appear in Table V. : 


Table V. 


(’loth Wovpn 

Face Upwards. 

Looms 

A anti D. 

Looms 

B and V . 

Design upside down on board : 
Direction of reading design . 

Method of lacing cards .... 
Order of coloured threads in the loom . 

Right to left. 

Forwards. 
Left to right. 

Right to left. 
Backwards. 
Right to left. 

Design right side up on board : 
Direction of reading design . 

Method of lacing cards .... 
Order of coloured thnsads in the loom . 

Right to left. 
Backwards. 
Right to left. 

Right to left. 

Forwards. 
Left to right. 

CloUi Woven 

Face Downwards, 

l.ooms 

A and 1). 

Looms 

B and C . 

Design upside down on board : 
Direction of Heading design . 

Method of lacing cards .... 
Ord(!r of coloured threads in the loom . 

Right to left. 

Ba(jkwards. 
Left to right. 

Right to left. 

Forwards. 
Right to left. 

Design right side up on board : 
Direction of reading design 

Method of lacing cards .... 
Order of colourc'd threads in the loom . 

Right to left. 

Forwards. 
Right to left. 

Right to left. 

Backwards. 
Left to right. 


When the warp contains differently coloured tlireads the arrangement 
in small capitals a])})ears to be the best, because the order of warping th(‘ 
coloured threads need not be altered to suit the changed conditions in the 
loom. If, however, all the threads of the warp are the same colour, as 
in many types of linen, cotton, and silk figured fabrics — e.g. damasks — 
the simpler way when changing from looms A and D to looqtis B and C 
is to use the same or a similar set of cards, but to lace them backwards. 
The great advantage of the latter method is that the same set of cards 
can be utilised for both kinds of looms when the cards are laced in the 
correct order, whereas in the other method it is necessary to consider the 
relation between the colours of the threads and the positions of the needles 
and hooks which control them. It is of course just as easy to cut the 
cards with the design one way on the board as the other way ; and if one 
loom only had to be provided with a set of cards, there would be little to 
choose between the methods. On the other ha:.d, however, if several 
looms were to be engaged on the same i>attern, and with self-coloured 
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warps, a ‘distinct ^vantage would obtain when one set of cards only had 
to be cut on the piano card-cutting machine, and all the remaining sets 
prepared on the card-repeating machine, using this first set as a pilot set. 

When the designs are comparatively short in the way of the weft, and 
two sets of cards for different looms can be accommodated between two 
ordinarily pitched looms, and the cards therefore always arranged over the 
warp beams, the above-mentioned difficulties never appear ; but there 
is not sufficient space for two very long sets of cards between ordinarily 
pitctfcd looms ; indeed, there is often little enough space for the cards for 
one design and loom, and particularly is this the case for certain types of 
cross-bordered fabrics and the equivalent of such — e.g. those illustrated 
in Figs. 37, 39, 40, and 41. For work of this kind two sets of cards are 
invariably required, each set containing hundreds of cards. 

The method of drawing the warp threads from back to front of the 
comberboard or harness- reed, as illustrated in Fig. 180, is practised in 
many centres where jacquard weaving is extensively conducted ; in other 
centres the method of drawing in the threads is that illustrated in looms 
E to H, Fig. 181 . For such an arrangement of draft it is usual to read 
the design from left to right when cutting the cards, because the bottom 
needle of the jacquard — that which controls the hook marked No. 8 in 
Fig. 1— controls the thread nearest the weaver. And since the draft in 
the harness is reversed, and the order of cutting is reversed as cxemi)lified 
in Figs. 190 and 191, the above particulars will do for both orders. 

The various positions of the needles and hooks relative to the comber- 
board or harness-reed, and with respect to the two methods of drawing 
the warp threads through the mail of the harness in conjunction with the 
Norwich or “ Straight ” system of harness tie, are illustrated fully in Figs. 
180 and 181. With the London or “ Crossed ” tie, in which the harness 
cords have a quarter twist, the long sides of the jacquard and cylinder 
are at right angles to the long sides of the comberboard or harness-reed, 
as exemplified in Figs. 192 and 193 ; eight different diagrams are again 
exhibited. The first four (J, K, L, and M in Fig. 192) are typical of the 
back-to-front method of drawing in the threads, while the remaining 
four (N, 0, P, and Q, Fig. 193) are representative of the front-to-back 
method of drawing in the threads. If we place the 16 diagrams from 
Figs. 180, 181, 192, and 193 as under— 

ABCDEFGH 

JKLMNOPQ, 

we may assume that to all intents and purposes the two in each vertical 
row are identical. Thus if we examine the position and numbers and the 
method of drawing in the threads in diagram A, Fig. 180, and compare 
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these with the corresponding parts of diagram J, Fig. ^92, we shall find 
them exactly the same. Further, if we assume that the bottom board 
of the jacquard A, Fig. 180, is turned one-quarter counter-clockwise, the 



Fio. 102. 


parts will appear identically with those at J m Fig. 192^ Hence any 
set of cards which were used on cylinder a, Fig. 180, could be transferred 
to cylinder j Fig. 192, and the cloths produced in the two looms would 
be absolutely identical so far as the outline and weaves of the design were 



Fia. 193. 


concerned. It will also be observed that in both diagrams the looms are 
right-hand ones, because the handle is on the right-hand side of the weaver 
tL two left-hand looms, B, Fig. 180, and K, Fig. 192, may be compar^ 
in the same way, and so may all the other machines represented by the 
vertical pairs in the above letters A to Q. The solid black circles S in 
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Figs. 192* and lOSVepresent, as in Figs. 180 and 181, the positions of the 
set-on or control handles, and it will be seen that in the three figures all 
^ positions are illustrated. 

We have now explained at length the conditions regarding the relation 
between the first thread of the cloth and the so-called leading hook and 
needle of the jacquard for all positions of the jacquard with respect to the 
comberboard or harness-reed, and for the two distinct methods of drawing 
in the warp threads through the mails of the harness. In regard to the 
draft* of the harness, we have assumed the simplest of all cases — i.e. that 
in which the number of hooks in the jacquard is exactly the same as the 
number of threads in the warp. Modifications of drafting have to be 
introduced for certain kinds of fabrics, but this branch of the subject has 
already been considered. 

When the jacquard is placed above the loom so that the long rows of 
hooks are parallel to the short rows of the comberboard or harness-reed — 
i.e. for the London or crossed tie — the cards must obviously be near one 
end of the loom, as demonstrated in Figs. 192 and 193. The pulleys for 
one row of looms, right and left hand, are all in one row, and it is a common 
and almost invariable practice to have all the different sets of cards for 
one row of looms on one side, usually nearest the pass, i.e. furthest removed 
from the set-on positions S ; occasionally, however, the cards are on the 
driving side. If the cards are at the opposite end to the driving end, it 
follows that in a right-hand loom the cards of the jacquard will be on the 
left-hand side of the loom and of the weaver, whereas in a left-hand loom 
the cards will be on the right-hand side of the loom and the weaver. Under 
such conditions it will be found that the connection between the hooks 
and threads in a right-hand loom, arranged for the London tie, corresponds 
with that in a loom arranged for the Norwich tie, where the cards are over 
the warp at the back of the loom. And naturally the conditions for a left- 
hand loom, London tie, correspond with those of a loom with the Norwich 
tie and the cards over the weaver’s head. The remarks on y)age 18, how- 
ever, in conpection with London ties, should be kept in mind. 



CHAPTER XIII 

MECHANICAL METHODS OF LACING AND STITCHING CARDS 

There are two distinct methods employed for this important work : 

] . Where two sets of cords or lacing twine, single or double, are inter- 
locked to hold the cards more or less securely between them. 

2. Where two sets of tapes, one set under the cards and the other set 
over the cards, are secured to the cards by a system of sewing 
or stitching. 

The order in which these machines are taken in this work does not 
necessarily indicate a difference in the respective merits of the various 
machines, but is adopted solely to suit the requirements of the author. 
Each well-known machine is extensively employed, and all are capable of 
producing satisfactorily laced cards. 

The main requirements of mechanical lacers are — 

1. An automatic or semi-automatic feeder or method of carrying the 

cards to the lacing mechanism, and of delivering them after they 
are laced. 

2. Lock-stitch mechanism, if ordinary needles are used, and in all 

other cases if possible. 

3. Thread take-up mechanism to reduce the stress to a minimum, 

and still to impart the necessary degree of tension to the lacing 
twines. 

4. Provision for all the required rows of lacing to be performed simul- 

taneously. 

The modern card-lacing machine as made by the Singer Manufacturing 
Company Limited will be described and illustrated first, but before 
describing the complete machine we purpose introducing a few of the 
chief parts by means of which the above desirable add requisite functions 
are performed. 

Three positive box cams, all secured to the mf. m shaft of the machine, 
are employed for this purpose ; they are— 
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A, Fig. I 94 , forV)perating the needles and the thread take-up levers. 

B, Fig. ] 95, for operating the shuttle carriers and the shuttles. 

C, Fig. 196, for operating the card feed wheels. 
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197 and 198, as well as in subsequent illustrations, ^he miid shaft D 
extends the full length of the machine, and when the machine is arranged 
to be driven by power the main shaft carries the loose and fast pulleys 
E and F, as shown in Fig. 197. This is a perspective view of the front of* 
a 5-head machine, while Fig. 198 is a similar view of a 4-head machine 
intended to be driven by foot-power, and which requires one pulley only — 
the fast one. 



Fig. 197, 


Fig. 198 shows clearly the cam C which actuates the three-armed 
lever G, shown separately in Fig. 199. The lever G, by means of connect- 
ing-rods and pushing pawls, drives the feed ratchet wheel H, and hence 
the feed- wheels J and J^. The arrangement for driving the machine by 
foot-power is shown in Fig. 198. The treadle K on shaft L must obviously 
be operated by the attendant, and the oscillation ^ imparted thereto are, 
made to dtive the balance and hand wheel M through the lever N, the 
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connecting arm d; and a suitable crank on the end of the shaft P. 'On the 
opposite end of the shaft P is a pulley Q from which the main shaft D 
is driven by the belt R. 

In power-driven machines the balance and hand wheel M is placed 
on the main shaft D, as shown in Fig. 197. In machines which are built 
specially and solely for power work it is a usual practice to dispense with 
the shaft P and the pulley Q, Fig. 198, and in the subsequent line 
drawings, as well as in Fig. 197, these parts are omitted. , 

The speed of the 
machine depends 
chiefly upon the dex- 
terity of the attendant, 
for since the feed-wheels 
J and move inter- 
mittently on the shaft 
D, whii'h moves at a 
constant spet^d, it is 
evident that a card must 
always be in position 
to be drawn forward 
under the needles, other- 
wise a gap would result 
and the machine would 
have to be stopped. 
A good sj>eed for this 
class of machine is GO 
to 70 revs, per min. of 
the main shaft D, and, 
of course, of each of the 
cams A, B, and C, Figs. 
194 to 196, which rotate 
with it. 

Perhaps the most 
satisfactory way of describing the machine will be to take the mechanism 
for each individual operation separately, and then to show how all the 
parts must move in unison with each other to produce correct work. 

Complete views of the mechanism are disj)layed in Figs. 200 to 214. 
Fig. 200 is an elevation of the driving end ; Fig. 201 is an elevation of the 
opposite end ; Fig. 202 is a front elevation of a three-head machine— the 
type required for lacing jacquard cards for 400’s and GOO’s machines of 
the ordinary pitch. The remaining figures refer more i)articularly to 
sectional views and to special parts. * 
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Tfie feed-wheels J and are made in halves, as illusl^ated in*tte special 
view in Fig. 203 ; each pair is fixed together by set-screws as shown on 
the feed-shaft S. A box-key, shown suspended from two screw-nails in 
Fig. 202, is provided for this purpose, since it is sometimes necessary to * 
change the positions of the wheels on the shafts, and at other times it is 
necessary to remove the set of wheels for the purpose of introducing another 
set to lace cards of a different width. 

The two o.uter feed-wheels J, Fig. 203, are provided with a number of 
pegs or studs T which pass through the peg holes— one at each end oS the 
card — in the usual manner ; if there are intermediate peg holes, as is 
sometimes the case in long cards, an intermediate peg wheel is used with 
similar pegs fixed at the proper position on the shaft. In general, there 
are the same number of peg feed- wheels as there are peg holes in the length 
of the card. The total number of feed-wheels, however, is determined 
by the number of rows of lacing, and from what has been already said 
about this subject it is clear 
that for 8-row 400’s and 12- 
row goo’s jacquard cards of 
the ordinary pitch there are 
three sets of lacing twines ; 
hence, for such cards, a third 
feed-wheel, the middle one 
marked in Figs. 202 and 
203, is provided for the centre 
line of lacing. It is obvious, 

however, that pegs must not be inserted in the middle wheel J^, since there 
are no corresponding peg holes in the card. This feed-wheel, however, is 
provided with thin metal projections T^, Fig. 203, which are fixed on the 
periphery of the feed- wheel in such a way that each one is midway 
between the pegs T on the periphery of the feed-wheels J ; thus the cards 
26 lie between these thin metal projections, while the peg holes on the 
cards fit on the pegs T. The arrangement is clearly shown in the figure 
where the end bits of two cards are on the pegs T of the feed-wheel J on 
the left, and the middle bits of the same two cards are between the thin 
metal projections T^ on the feed- wheel on the right. 

The distance between each pair of pegs T and each pair of projections 
T^ obviously depends upon the width of the card. If there are two peg 
holes in each end of the card it is unnecessary to introduce a peg for each 
hole ; one is quite sufficient at a place to carry the cards forward. The 
circumference of the feed-wheels for all widths of cards is practically 
the same, differing only by a fraction of an mch. and hence the number 
of pegs itf the circumference of the feed-wheel is practically inversely 
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proportional to tW width of the card. The actual numbers for three common 
types are as under : 

For 8-row ordinary pitch 
cards (400’8) there are 
21 i)eg8 ; 

For 12-row ordinary pitch 
cards (600’s) there are 
15 pegs ; 

F^r 8-row Brussels- car jiet 
jacquard there are 19 
pegs; 

and so on for the 
other less -widely used 
machines. 

Fixed near the end 
of the feed-shaft S, Fig. 

202, is the feed ratchet 
carrier disc U, and to 
this disc is fixed the feed 
ratchet wheel H by means 
of set-screws V, Fig. 201. 

The feed- wheels J and 
as a body and the feed 
ratchet wheel H must 
obviously move forward 
intermittently through 
distances which are equal 
to the gaps between the 
holes on the cards them- 
selves and the gaps be- 
tween the outside holes 
of the cgrds and the 
opening between each 
pair of cards. These dis- 
tances vary in different 
cards, and are not all 
the same on any card ; 
hence the movement of 
the feed-wheels J and 

is of rather a complicated character. When, however, the correct 
distance has been fixed, the various movements are very accurate, and 
there is little or no danger of any faulty distances, It will be understood, 



Fig. 202. 
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of course, that the movement of the feed- wheels takes | lace oufy" when the 

needles are above the card. 

To simplify the description as much , 
as possible, we shall assume in all cases, ^ 
when considering the movements of the 
cams, that the observer is at that end of 
the machine illustrated in Fig. 201. In 
this view the feed rachet wheel cam C is 
between the frame W and the baltfnce- 
wheel M (see also Fig. 202), while the 
three-armed lever G, fulcrumed on a stud 
X in the frame W, is between the cam C 
and the balance-wheel M. 

The vertical arm of the three-armed 
lever G carries an anti-friction roller Y, 
supported on a pin Z, and hence capable 
of rotating freely in the groove of the 
cam C. A connecting-rod 9, Figs. 201 
aiid 202, joins the short arm of lever G 
to the pawl lever 10, and is fixed in the 
proper position in the concentric slot of 
pawl lever 10 by the handle 11, while a 
small projecting pin or pointer 12 serves 
to locate the proper position with respect 
\ to marked places on the upper surface of 
f the pawl lever 10. This lever is fulcrumed 
loosely on the feed-shaft S, Fig. 201, and 
its pawl 13 is fixed in the vertical slot 14 
of the pawl lever 10 by means of the 
handle 15. In the slot of the long arm 
of lever G, and in the slot of another 
pawl lever 16, Fig. 201, is fixed a con- 
necting-rod 17 by handles 18 and 19, while 
a similar indicator 20 is provided in the 
upper end of the connecting-rod 17. 
Similarly, the pawl lever 16 is fulcrumed 
loosely on the feed -shaft S, and is pro- 
vided with an adjustable pawl 21 and 
fixing handle 22. Finally, a retaining catch 
23 is adjustably fixed in the slot of the bracket 24 by handle 25. Each 
pawl 13, 21, and 23 is provided with a light spring as shown, which tends 
to keep the point of the pawl in close contact with the feed ratchet wheel H. 



Fig. 202. 
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The positions (!f the various parts in Fig. 201 and the type of feed 
ratchet wheel illustrated there, and in the complete view in Fig. 204, are 

those which are necessary 
for the 8-row Brussels carpet 
jacquard cards. When the 
same lacing machine is in- 
tended to be employed for 
lacing different pizes of cards 
it is necessary to have, as 
already indicated, suitable 
feed-wheels J and for 
each set, as well as a differ- 
ently cut feed ratchet wheel 
H to give the correct move- 
ments to the group of feed- 
wheels. In addition, it is necessary to move the upper end of connecting- 
rod 9 to the proper position in the slot of the pawl lever 10, and to move both 
ends of the connecting-rod 17 in the slots of levers G and 16. It is obviously 
impossible to show all the positions, but in Fig. 201 the lower end of 
the rod 17 has been moved as indicated 
by 17^ and the handle 18^ to the approxi- 
mate position which would obtain when 
the machine was arranged to lace cards 
for an ordinary 8-row 400’s jacquard. 

If the reader refers to the Brussels- 
carpet jacquard card illustrated in Fig. 

99, he will see that on each card, and in 
every short row for lacing, there are four 
holes. These holes, with the gap between 
each pair of cards, make it essential that 
each lacing needle shall pass down and 
up five times each way for each card. 

Hence the sequence of the teeth in the 
feed ratchet wheel H is five, as is shoT^m 
clearly by the Roman numerals on the 
elevation and plan of a section of the 
feed ratchet wheel, lettered H in Fig. 

204. It will also be observed that one tooth only in each set, that 
marked III., is cut right across the face of the wheel —the others 
extend only partially across, and hence leave perfect concentric sections 
between each pair of fully-cut teeth III. The similar elevation and plans 
of sections of feed ratchet wheels lettered and the elevation repre- 
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sent those which are used respectively for 400’s and ODO’s cardi, and for 
similar pitch 8-row and 12-row cards of different lengths. In both of these 
wheels there are two partially-cut teeth and one fully-cut tooth in each 
sequence, because in these cards there are only two lacing holes in the 
short row of cards and the usual gap between each pair of cards. In the 
five movements indicated by Roman numerals for the Brussels-carpet 
jacquard card, the middle number III. is for the comparatively long move- 
ment in the middle of the short rows on the card. In the 400’s and 600’s 
cards the three movements are represented by three Roman numerals 
and the middle number 11. is that for the long stitch on the card. 

To return to Fig. 201 . It should be mentioned at once that the right- 
hand pawl 21 extends across the full width of the face of the feed ratchet 
wheel H, and can thus enter only into that tooth, or rather the recess III., 
which is fully cut. Moreover, it is this pawl which imparts the greatest 
movement to the feed ratchet wheel H, and hence to the feed-wheels J 
and and the card 26. The cards in Fig. 203 have been made with two 
lacing holes only in the width : this has been done for the sake of showing 
up the lacing rows distinctly ; and although the feed ratchet wheel is for 
the Brussels-carpet jacquard cards, these sections of cards may be looked 
upon as being for a 400’s jacquard machine of the ordinary pitch. The 
big movement for such a card, and the still bigger movement for the 
corresponding place in a 600’s card, are both obviously greater than the 
corresponding movement required for the central portion of the Brussels- 
carpet card ; this is easily seen by comparing the gaps immediately to 
the right of the recesses numbered III. and II. in the sections lettered H, 
HI, and Hii in Fig. 204. 

Without referring particularly to the movements of the needle, it will 
be seen that in Fig. 201 it is near its lowest position, and consequently 
no movement of the feed ratchet wheel H or the feed-wheels J and 
is possible. As a matter of fact, the needle is down below the card for a 
comparatively long period, so that the feed ratchet wheel H and the feed- 
wheels J and are kept stationary for this period by that part of the 
cam C, Fig. 196, which forms part of a true circle for approximately half 
a revolution. The anti-friction roller Y, Fig. 201, is therefore on its 
extreme right ; whereas, when the cam C has rotated to the position 
indicated in Fig. 196, the bowl Y will be in the extreme left position — i.e, 
nearer the shaft D, Fig. 201 — and the long and short arms of the three- 
armed lever G will thus have carried their respective pawl levers 10 and 
16 to their lowest and highest positions ready for one or other of the pawls 
13 and 21 to act on the feed ratchet wheel H. In Fig. 201 these arms 
have already acted, and are in their highest and lowest positions. The 
shaft D rotates counter-clockwise, as viewed from Fig. 201 ; hence, as the 
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anti-friction roller lY is approaching the shaft D the pawls 13 and il are 
moving to the active position, whereas when the anti-friction roller Y 
is moving towards the periphery of the cam C one of the pawls 13 or 21 
is pushing the feed ratchet wheel clockwise through the distance required, 
such distance being determined by the particular part of the card which 
had been immediately under the needles. 

Any position in the revolution of the main shaft D could naturally be 
selected as a starting point to describe the complete actipn ; the one 
whieh we have taken is that represented in Fig. 201, where the needle is 
at present down between two cards of the Brussels type, or at that point 
lettered A in Fig. 205. The four holes in the card are lettered B, C, D, 
and E to the left, because these letters will appear in their proper alpha- 
betical order as the card moves to the right. A further enlarged view of 
part of the face of the feed ratchet wheel H is also reproduced in this 
figure, but not to the same scale as the cards. The various sections for 
one round, or rather cycle, necessary for the movements for the lacing 
of one card are marked by Roman numerals, L, II., III., IV., and V., as 
before, and also, in addition, by small letters between the numerals. 
Since the movements of the shuttle, and also the needles, will be required 
shortly, we introduce the following table, which shows the extreme posi- 
tions of both, as well as the positions of the pawls 13, 21, and 23, for each 
complete revolution of the main shaft D, Fig. 201 : 


Table VI. 


Letters on and 
between the 
Card 26. 

Position of 
Needle. 

Position of 
Sliuttle. 

]^>siti(>n of Left 
Paw’l 13 on 
Wheel H. 

Position of Top 
Pawl 21 on 
Wheel H. 

Position of Uifiht 
Pawl 23 on 
Wheel H. 

A 

Down 

Back 

V. 

V. 

6. 

A 

Up 

Front 

I. 

V 

e. 

B 

Down 

Back 

I. 

I. 

a. 

B 

Up 

Front 

II. 

I. 

d. 

C 

Down 

Back 

IL 

II. 

e. 

C 

Up 

Front 

d. 

II. 

111. 

D 

Down 

Back 

III. 

Ill 

III. 

D 

Up 

Front 

IV. 

III. 

V. 

E 

Down 

Back 

IV. 

IV. 

e. 

E 

Up 

Front 

V 

IV. 

a. 


In all cases, for this wheel and for any other, the right pawl 21 operates 
only on the feed ratchet wheel when it can enter the fully-cut recess 
marked III. in H and II. in and Fig. 204 ; while since both pawls 
13 and 21 move simultaneously, it follows that the left pawl 13 will, at 
this time, be ineffective on the broad part d, Fig. 205, between II. and III. 
The arrows from the various parts of the upper lacing twine in Fig. 205 to 
the recesses in the section of the feed ratchet wheel H show which tooth or 




xm METHODS OP LACING AND STITCHING CARDS 247 

recess is acted upon for the length of twine between the letters. * Pawl 13 
acts on four of the short recesses, and pawl 21 on the fifth. 

The movements of the feed ratchet wheel H for the 400’s and 600’s 
cards are much simpler than the 
above. In general, when these 
cards for 400’s and 600’s 
machines are being laced, and 
when pawls. 13 and 21 are just 
ready to push the feed ratchet 
wheel, one or other of the pushing 
pawls will be in touch with a 
recess, but the one which for 
the moment is not in contact 
with a recess, or which is unable 
to enter a recess, is marked 0 in 
the following table to indicate 
that it can have no efiect at this particular time. The Roman numerals 
show which recesses the various pawls are in contact with (refer to 
and Fig. 204) : 

Table VII. 

Pawl 13 . . . HI. . . I. . . 0. . . III. . . I. . . 0. . . TIL . . I. . . 0. 

Pawl 21 . . . 0. . . 0. , . II. . . 0. . . 0. . . 11. . . 0. . . 0. . . II. 

Pawl 23 . . . III. .. I. .. II. .. Ill, .. I. .. II. .. III. .. I. .. II. 

From the lengths of the left and right arms of lever G, Figs. 199 and 
201, it is obvious that the movement of pawl 13 will always be much less 
than the movement of pawl 21. It will also be quite clear that if all the 
distances between the holes on the cards, and between the outside holes 
and the gap between each pair of cards, were exactly the same, one pushing 
pawl only would be necessary, and arranged to operate a uniformly-cut 
feed ratchet wheel. The movements of the feed ratchet wheel H are 
limited to the correct distances by the pawls 13 and 21, and by the aid of 
a leather-faced wooden brake 27 and spring 28, Fig. 202. A small pro- 
jection on the feed-shaft bracket 73 is provided with a set-screw by means 
of which the tension on the spring 28 may be adjusted. ^ 

Needles and Thread Take-up Mechanism.— A separate head is 
required for each row of lacing ; side elevations of these heads are num- 
bered 29 and front covers 29^ in Figs. 200 and 201, while complete views 
of the fronts of three heads are illustrated in Fig. 202. All the heads for 
one machine are supported by the two planed surfaces 30 of the upper 
cross-rail 31, and the needle bar rock shaft 32 passes behind all as shown. 

Fulcrilmed loosely on the shaft 34, Figs. 202, 209, and 210, is one end of a 
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lever 33 ;* its oppo^'ite and free end carries an anti-friction roller 35, A^liich 
runs in the groove of the box cam A. A connecting-rod 36 joins the free 
end of lever 33 to the crank 37 on the end of the needle bar rock shaft 32 ; 
hence, as the main shaft D revolves, the undulating outline of the positive 
cam A will impart a diverse series of oscillations to the needle bar rock 
shaft 32 and to all parts which are connected to it. In general, it wiU be 
gathered from the parts illustrated that as the anti-friction roller 35 moves 
downwards towards the centre of its disc 38, Figs. 209 and 210, the con- 
necting-rod 36 will fall and cause the needle bar rock shaft 32 to move 
clockwise in Figs. 209, 210, and 201, and counter-clockwise in Fig. 200. In 

all cases, however, all 
subsequent attachments 
to the needle bar rock 
shaft 32 move upwards 
when the anti -friction 
roller 35 moves down- 
wards. Conversely, 
when the roller 35 moves 
upwards towards the 
periphery of its disc 38, 
the connecting-rod 36 
rises and all parts in the 
head 29 fall. No further 
explanation of these 
parts is desirable at 
present, since the actual 
movements will be better 
explained in conjunction 
with the movements 
of the shuttle. It is 
necessary, however, to 
examine the connections between the needle bar rock shaft 32 and the 
various partfe which are partially or wholly enclosed in the head 29. For 
this purpose Figs. 206 and 207 have been prepared; the former is a side 
elevation of the head, and the latter is a front elevation of the same— in 
both figures the front cover 29^ Fig. 202, has been omitted. 

On the needle bar rock shaft 32, and immediately behind each head, is 
fixed a thread take-up lever 39 by means of a wing-bolt 40, so that each 
take-up lever may be adjusted independently of any other to suit the 
degree of movement required at the extreme end of the lever. The lacing 
twine 90 passes through the hole in the end of the take-up lever 39, as 
exemplified in Figs. 200, 201, 202, 209, and 210. Each lever 39 moves in 
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Fig. 207. 
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opposfte directions to, and reciprocally with, the cranl: 37 in the above 
five figures. Fixed near to each take-up lever 39, also on the needle bar 
rock shaft 32, by a set-screw, is a needle bar rock shaft crank 41, Figs. 206 
and 207. Attached to the end of crank 41 is a link 42 ; the lower end of 
this link encircles a pin 43 which projects from the side of the collar 44. 
The latter is fixed by two set-screws to the needle bar 45. It will thus be 
seen that, as the needle bar rock shaft 32 oscillates, each needle bar 45 
will rise and fall in unison with 
the similar movements of its 
companion thread take-up lever 
39. 

The presser foot bar 46 is im- 
mediately behind the needle bar 
45 ; to the former, and near the 
bottom of the head 29, is fixed 
the bracket 47 by the set-screw 
48. Between this bracket and 
the upper shell of the head 29 
is a spiral spring 49 which en- 
circles the presset foot bar 46. 

The presser bar rod 50 extends 
from the frame W, Fig. 202, 
through all the heads 29 as 
shown, while inside each head is 
a combined collar 51 and cam 
62, Figs. 206 and 207, secured 
to the rod 50. Rod and cams 
are operated by the handle 53, 

Fig. 202. Thus, when the 
handle 53, Figs. 201 and 202, 
is pressed downwards, the cam 52, Figs. 206 and 207, rotates slightly and 
raises the bracket 47, compresses the spiral spring 49, and a recess in the 
cam serves to hold the bracket 47 and the presser foot bar u^) with the 
presser foot 54 clear of the cards 26. Immediately, however, the handle 53 
is raised, the cam 52 is lowered until the projecting piece 55 comes into 
contact with the bottom of the slot in the back shell of 29 ; while the cam 
62 is being thus rotated, the pressure of the spiral spring 49 on the bracket 
47 forces the latter and the presser foot downwards until the presser foot 
54 reaches the card 26. 

Attached to each presser foot 54, Figs. 200, 201, 202, 209, and 210, by 
a small set-screw, is a curved card wire guide 66. These card guides 
ensure tha^ the cards shall be guided safely under each presser foot 54, 
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When the laced ‘cards reach the back of the feed -wheels J and J^, 
Figs. 200 and 201, they are effectively removed from the pegs T 

and by the card 
lifters 57, to be 
ultimately guided 
safely to the floor 
or on to a suitable 
stand by the thin 
wire guides 58 
which bear against 
the stay rod 59. 
TTLES, Shuttle 
Holders, and Mechan- 
ism FOR Oscillating 
THEM. — Three views of 
the shuttle and the method 
of threading the lacing 
twine appear in Fig. 208. 
The top of the shuttle with 
the twine in position is 
shown at 60 ; the method 
of applying tension to the 
twine and spool is illus- 
trated at 61 ; while the 
side of the shuttle and 
the enclosed spool appear 
at 62. The lacing twine 
63, from the sj)ool 64, is 
first passed behind the 
wire 65, then threaded 
through the hole 66 and 
under the flat plate 67. 
The thread on the spool is 
held taut and the twine 
pulled to enable the latter 
to slip under the end 68 
of spring 69 into the posi- 
tion indicated in view 60. 
A small spiral spring is 
enclosed under the end 70 of the spool brake 71, and this spring causes 
the flat end to exert the necessary amount of tension. A spiral spring 
72 also aids in this by its pressure against the flange of the spool 64. 
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Tlie travel of the shuttle carrier is constant so far ls distaAcfe is con- 
cerned, and the distance between the carrier when it is vertical and the 
presser foot 54 must also be constant, no matter what set of feed-wheels 
are in use, in order to preserve the correct 
relation between the needles and the 
shuttles. It has already been mentioned 
that there is a slight difference between 
the diameters of the various sets of feed- 
wheels J and J^, and hence it is necessary 
to provide means for raising and lowering 
the set without interfering with 
the mechanism which governs the 
movements of the shuttle carriers. 

All the feed-wheels J and P, 
for one set, are, as previously 
mentioned, on the feed-wheel shaft 
S, Fig. 202, and the oscillating 
shuttle carrier also works upon 
this shaft as a centre, or rather 
as an approximate 
centre. The feed- 
wheel shaft S is 
supported by two 
brackets 73, one on 
frame W and the 
other on frame 
Figs. 200 and 202. 

These brackets 73 
can be raised or 
lowered, within the 
required limits, by 
the milled - head 
screws 74 ; and 
when the two 
brackets and the 
shaft S have been 
adjusted correctly 
to place the feed- 
wheels J and at 
their correct height with respect to the shuttle carriers and needles, the 
brackets 73 are securely fixed to the frames W and by set-screws. 

Secured to one of the main cross-rails 76, Figs. 200, 201, and 202, 



Fio. 210. 



^62 * jicQTJARDS AM) HARNESSES 



are tw(f, •three, er more upright brackets 76, shown only in Fig. 202. 
The boss near the upper end of each of these brackets is bored out to 
receive the projecting boss 77 of the vibrating lever 78, while the bracket 
76 is prolonged above the boss to provide supports for the shuttle face- 
plate 79 — seen best in Figs. 209 and 210 — and for the card lifters 57, 
Fig. 201. It is, of course, understood that the brackets 76 are capable 
of being slid along the planed bearings of the cross-rail 75 and fixed at 
any place by the hand-screws 80. The brackets and the shuttle carriers 
can thus be placed in their correct positions with regard to the rows of 
lacing, and the heads 29 can be moved in a similar way along the planed 
surfaces 30, and fixed by similar hand-screws not shown in the drawings 
but clearly visible above the heads 29 in Figs. 197 and 198. 

Although the boss 77, Figs. 209 and 210, of the vibrating lever 78 is 
turned down to fit the hole in the boss of bracket 76, the hole 81 in the 
boss 77 is not circular, but is lengthened into a kind of ellipse, as shown. 
Hence the boss of bracket 76 is capable of keeping the boss 77 of the vibrat- 
ing lever 78 in one fixed horizontal frame, while the feed- wheel shaft S 
can be raised or lowered through the necessary distance in virtue of the 
elliptical hole 81. 

The shuttle carrier is operated as follows from the cam B, Figs. 200, 
209, and 210. A lever 82 is fixed to the shaft 34, and an anti-friction 
roller 83 fits neatly into the groove of the positive cam B as shown. Along 
the shaft 34, and at the proper intervals, appear a number of shuttle 
rock-shaft levers 84, each of which is secured to the shaft 34 by the hand- 
screws 85, shown only in Figs. 209 and 210. The upper end of each of 
these levers 84 is joined to the corresponding upper end of vibrating lever 
78 by a link 86. Hence it is evident that, as the parts revolve in the direc- 
tion of the arrows 87, the recessed cam B will cause the levers 82 and 84 
to oscillate, and will cause the latter to move through the angle enclosed 
by the dotted lines in Fig. 210. In doing so, the links 86 and the vibrating 
levers 78 will be moved to right and left alternately. The shuttle carrier 
88 is fixed to the upper part of the vibrating lever 78 ; consequently, the 
shuttle is carried twice between the two extremes for each revolution of 
the cam B and the main shaft D. 

Fig. 209 illustrates the back position of the shuttle and shuttle carrier, 
and at this time the needle 89, which is fixed to the needle bar 45 in the 
usual way, is down as illustrated. The upper lacing twine 90, from the 
bobbin 91, is first passed through the eye 92 of the upper guide, then 
through the upper eye in the front head cover 29^, behind the guide pin 
and between the plates of the tension device 93, Fig. 202, up again and 
through the eye of the thread take-up lever 39, then down and through 
an eye near the bottom of the front cover 29^, and through thrf eye in the 
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needicfbar stud 94, and finally through the eye of the needle 89.* 'The eye 
of the needle takes the lacing twine to the position shown in Fig. 209, 
and here two lengths of twine extend from the eye of the needle to the 
cards ; one length is shown in dotted lines behind the needle, while the 
other length is shown solid in front of the needle. At the particular time 
indicated in Fig. 209 these two lengths of twine are comparatively straight 
and taut ; but it is obvious that a gap must be made between the outer 
or solid-marked length of lacing twine and the needle 89 in order that 
the tip of the shuttle 62 may enter between the two lengths, and so enable 
the upper lacing twine to be locked on the underside of the card by the 
spool twine 63 when the needle 89 rises to its highest point. 

As already mentioned, the needle is controlled by the positive cam A, 
and it will be advisable to study the cam illustrated in Fig. 194 in conjunc- 
tion with Figs. 209 and 210. When point 1 of the cam A is in touch with 
the anti-friction roller 35, the needle is up ; at point 2 the needle is moving 
down, while between points 1 and 2 the shuttle reaches the back position 
— that shown in Fig. 209 ; at point 3 the needle is nearly in its lowest 
position. The needle moves down a little from this point, then rises 
slightly at point 4 to form the slack in the length marked solid in front of 
the needle, and immediately after this point the cam B causes the shuttle 
to commence its travel. From point 4 to point 5 the needle goes almost 
to its extreme low position to relieve the tension on the upper lacing 
twine, as the thick part of the shuttle is passing between the twine and the 
needle, and so requires a longer length to avoid unnecessary friction. At 
point 6 the needle is full down, and the shuttle has reached the other side. 
At point 7 the needle is rising from its lowest position, and when it is about 
I in. up it is drawing the lacing twine over the back of the shuttle as illus- 
trated in Fig. 210, Finally, at 8 the needle is approaching the highest 
position. 

To supplement the above description, and also to enable the reader 
to gather a better idea of the relative movements of the needle and shuttle, 
we append in Table VIII. particulars of the times for one complete revolu- 
tion of shaft D, starting at a marked position of the balance-^heel when 
the needle is about f in. from its lowest position and the shuttle is in the 
back position. 

Table VIII. 

At 360° the needle is about f in. from the lowest position. 

From 360° to 30° the needle is rising a little, say J in. to y'k 
the lacing twine for the tip of the shuttle to enter. 

At 30° the needle commences to go down. 

„ 80° „ is full down. 

„ 90° • „ commences to rise. 
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At 180‘Hhe need|’c is nearly at the top. • 

„ 225® „ after a slight pause commences to move upwards again. 

„ 240® „ reaches the highest position and almost immediately commences 

the return journey. 

From 240® to 360® the needle is moving downwards to the first point of observation. 

At 360® the shuttle commences to move from full back position. 

„ 30® the shuttle tip is entering the loop between the needle and tlie lacing twine. 

„ 90® the shuttle is midway in its travel. 

„ 120® the shuttle is at the front. 

„ 135° the lacing twine is slipping over the back of the shuttle. 

210° the shuttle commences to move back. 

„ 330° the point of the shuttle is passing the plane of the nc^edle. 

„ 345° the shuttle is full back. 

„ 360® first point of observation. 

With respect to these degrees it should be stated that the feed ratchet 
wheel H commences to move at 195°. 

It will be seen that the lacing twine 63 from the shuttle 62, Figs. 209 
and 210, simply passes through the loop formed by the upper lacing twine 
90 ; that when the needle is above the card the latter is taken forward 
by the feed-wheels J and J^, and the shuttle reaches the back position. 
The lacing twine 63 under the card is shown in dotted lines, and it extends 
to the spool in the shuttle. After the shuttle and twine 63 have passed 
through the loop, the upper lacing twine 90 is drawn tight by the com- 
bined action of the needle 89 and the thread take-up lever 39, and hence 
the spool twine 63 prevents the loop of the upper twine 90 from being 
carried upwards beyond the underside of the card 26. When the shuttle 
is moved to the back position, and the card has been moved through one 
of the divisions, the lacing twine 63 is naturally again on the right, as 
illustrated in Fig. 209, and ready again to move forward at the proper 
time to intercept the upward moving loop of the upper lacing twine 90. 

It will be understood that the thread take-up lever 39 plays an important 
part in the regulation of the tension on the lacing twine. It will also be 
seen that, since the thread take-up lever 39 and the needle bar lever 41, 
Fig. 206, move in unison with the needle bar rock shaft 32, the movements 
of the needle and the thread take-up lever will practically coincide, although 
the latter naturally moves through a greater distance than the former. 

The operator sits in front of the machine. Fig. 202, with a pile of cut 
and numbered cards on the table 95, and, when all is ready for starting, 
she presses down the back part of treadle K, on shaft L, and this movement 
will clearly cause the lever 96, also fulcrumed on shaft L, to pull down the 
chain 97^ ; the upper part of this chain 97^ runs in the groove of a pulley 
97, while the extreme end of the chain is attached to a stud in the belt 
fork shipper bracket 98^. The belt fork 99 being fixed to the outer end 
of the sliding bar 98 of shipper bracket 98^, it follows that title belt fork 
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will moved outwards to carry the belt on to the fast pulley F, ’and the 
machine will then start. At the same time a small pin in the sliding bar 
.98 pushes the spiral spring 100 to the left and compresses it ready for it 
to exert its stored energy when required. 

It is a usual plan to have a few old cards on the pegs T under and behind 
the needles to facilitate the starting, and to remove these cards subsequently. 
As the feed- wheels J and move slowly round, the attendant takes the 
cards, one by one, from the pile, and inserts them in successive order on 
the pins T. As long as she can feed the cards quick enough, and all the 
lacing twines 63 and 90 keep intact, the back part of the treadle K is kept 
down. If, however, a lacing twine breaks or runs off, or the pile of cards 
is used up, or any other condition should arise which demands the stoppage 
of the machine, she simply releases her foot pressure on the back part of 
treadle K, when the coixipressed spring 100 forces back its retaining pin 
and sliding bar 98, and thus places the belt fork in the off-position, as 
illustrated in Fig. 202. 

In order that the operation of lacing may proceed almost continuously 
and with a maximum output, it is essential that all the lacing twines should 
be strong enough to withstand the stress, and that they should be free from 
knots and lumps to enable them to pass freely and easily through the eyes 
of the needles and the shuttles. Uneven twines are disastrous, for not 
only do they imj)ede the work by breaking, but they also often cause the 
needles themselves to break. While strict economy should be practised 
in every department, and is absolutely essential to success, it is not always 
economical to use the cheapest twines for lacing, and particularly for 
machine lacing. 

The lacing twine for the needles may come from balls such as the 
one shown on the floor in Fig. 197, but, preferably, the twine should be 
wound on to bobbins, and, during the winding process, should pass through 
a guide or an eye which mil not allow a knot or a lump to pass. The lacing 
twine for the spools should be taken from the specially wound bobbins 
for the same reason. 

The spools for the shuttles are in. between the flanges, and the 
latter are about 1 J in. diameter ; the spools, therefore, hold a comparatively 
long length even of thick twine. The lacing twine is wound on to the 
spools by the unique mechanism illustrated generally in Figs. 200, 201, 
and 202, but more particularly in the detailed views of the chief parts 
in Figs. 21 1 to 21 4. Fig. 21 1 is an elevation from the front of the machine ; 
Fig. 212 is a back elevation ; Fig. 213 is a plan ; while Fig. 214 is an 
enlarged view of part of the setting-on motion and part of the automatic 
stop motion. Referring to Figs. 200 to 202, it will be seen that on the 
periphery 6f the disc of cam B is a groove for the round driving belt 101. 
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This b^lf drives <the outside and loose pulley 102 (see now also Ffgs. 211 
to 214). Fig. 211 illustrates the belt lOl on the loose pulley, while Fig. 
212 shows the same belt on the fast pulley 103. When the belt 101 is on 
the fast pulley 103, the inside pulley 104 is put in action, and the crossed 
belt 105 drives the lower pulley 106, together with its shaft and the worm 
107. The worm-shaft is suitably supported by a projecting bracket from 
the main support of the winding apparatus. The worm 107 gears with 
and drives the worm-wheel 108 of about 120 teeth, while forming part of 
the wheel 108 is a heart cam 109, Fig. 212. A yarn guide 110, fulcrumed 
at 111, is provided with an anti-friction roller which runs freely in the 

heart cam 109, while 
on the opposite side 
of the yam guide is 
a tension device 112, 
between the plates of 
which the lacing twine 
63 passes before being 
carried to the guide 
itself in the upper 
part of 110. The 
direction followed by 
the lacing twine is 
clearly seen in tho 
figures. 

Since this apparatus 
is provided with an 
automatic stop- 
motion, the spools 
may be filled simul- 
taneously with the 
lacing of the cards. 
Thus, suppose it is required to fill a few spools for the shuttles, an empty 
spool is plSiced between the holder 113 and the driver 114, Fig. 202, also 
plan view. Fig. 213, the twine wrapped round the shank or else caught in a 
slit in the spool, and the knob 115 pushed in. This action carries inwards 
a horizontal belt fork 116, Fig. 213, which places the belt 101 on the fast 
pulley 103, Fig. 212. At the same time the boss 117, Fig. 214, to which 
the belt fork 116 is attached, compresses the spring 118. The belt fork 
116 is kept horizontal by means of a second fork 119, also forming part of 
the boss 117, the prongs of which are perpendicular to those of 117, and 
they are kept in this position in virtue of their relation to the rod 120 — 
a prong appearing on each side of the rod. Fixed to the rod 120 is the 


103 104 



Fig. 211. 
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knock-off catch 121, and a projection on the inside of & lower arm slips 
behind the boss 117 in virtue of the action of the spring 122, Figs. 211 and 

212, which always possesses the tendency to keep the knock-off catch in 
close contact with the boss 117, and also to keep the free end of the lever 
123 hard in contact with the empty spool or with the yarn on the spool. 
It will be seen that the lever 123 is fixed to the rod 120, Fig. 211. 

Now, with the various parts as illustrated, it follows that when the 
knob 115 is moved from the position illustrated in Figs. 211, 213, and 214, 
to that shown in Fig. 212, the belt 101 will, through the fast pulley lt)3, 
start all the spool-winding mechanism. As the heart cam 109 moves 
slowly round 

the influence of the 124 ii3 110 
worm 107 and worm- 
wheel 108, the upper 
end of the yarn guide 
will carry the lacing 
twine from flange to 
flange of the spool 
and so distribute it 
gradually and evenly. 

This process will continue from the 
J in. barrel through the various 
stages, including that of the half- 108 
filled spool in Fig. 212, and the 
subsequent ones, until the spool is 
filled as illustrated in Figs. 211 and 

213. During the gradual filling of 
the spool, it follows that since one 
end of lever 123 is fixed to the rod 
120, the other 

forced downwards very slowly and 
in proportion to the increasing diameter of the s})ool and twine. It 
also follows that this action will cause the rod 120 to rotate slightly 
and extremely slowly, but still to move, and in doing so it will impart a 
proportionate movement to the knock-off lever 121, Fig. 214. This 
exceedingly slow movement continues until the catch at the back of the 
lower arm of the knock-off lever clears the periphery or flattened part of 
the boss 117. This is naturally timed to happen when the spool is full, 
and it is clear that when the connection between the boss 117 and the 
knock-off catch is broken the former will be forced to the left, that shown 
in Figs. 211, 213, and 214, through the action of tlu spring 118, and thus 
the belt fork 116 will carry the belt 101 to the loose pulley 102, and the 

s 





shuttles, the latter must be withdrawn from its carrier in order to intro- 
duce a full spool. The machine must obviously be stopped for this purpose, 
and turned by hand until the shuttle carriers are in the full forward position 
as indicated in Fig, 202. The longer arm of lever 125, fulcrumed at 126, 
is then depressed until the back and shorter arm is raised clear of the 
erections 127. The lever 125 as a whole, as well as the upper shuttle grip 

128, can then be rotated about 
the stud 129 until the grip 128 
is approximately vertical ; when 
this has been done, the shuttle 
can be withdrawn from its carrier, 
and replaced again after it has 
been supplied with a full spool. 

Another very successful card 
lacing machine is that known as 
Parkinson’s “ Rapid ” machine, 
and now made by Messrs. John T. Hardaker, Ltd., Bradford. All 
lacing machines are provided with mechanism which moves the cards 
intermittently according to the space between the lace holes in 
the card and the distance between the centre of the gap between 
successive cards and the outside hole on the card. In this particular 
machine these essential movements are made by cams and a ratchet-wheel 
in conjunction with the necessary intermediate lever and two Sard carriers. 



Fig. 214. 
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Thus, ^ig. 215 illustrates the cams which are employed' for the Facing of 
cards for Brussels-carpet looms, and for other cards of the same size in 



1 

Fig. 215. 


which four lace holes appear at each end of the card ; while Fig. 216 shows 
the ratchet-wheel which is used in conjunction with these cams. 

The five cams are shown in solid black in 
Fig. 215 and bolted to the disc 26, and slight 
variations in the throw of each cam are 
possible by sliding the cam between the pair 
of guides so as to place it nearer to or 
farther from the centre R. The ends of two 
cards for Brussels-carpet cards appear in the 
upper part of the drawing ; both are num- 
bered 17. During the lacing operation the 
cards move from left to right, as indicated 
by the straight arrow, while the disc 26 and 
the five cams move clockwise, as shown by 
the curved arrow. No. 3 cam is just going 
to act against the anti-friction bowl 45, and when the latter is forced 
. outwards the intervening mechanism between it and the ratchet-wheel 
^ V, shown in Fig. 216, causes the ratchet to move clockwise from point 3 
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to poinl) and on with each succeeding cam. Each cam in i^ig. 215 
is numbered to correspond with the similar numbers on the ratchet- 
wheel in Fig, 216, the cycle of movements, 1 to 5, causing the ratchet- 
wheel on the card chain shaft to move the card-carrier chains, and 
therefore the cards 17, through the distances indicated by the same 
numbers, 1 to 5, on the cards in Fig. 215. It will thus be seen that 
one complete revolution of the disc 26 and the cams is made for each 
card, but that the ratchet-wheel. Fig. 216, makes one revolution for four 
calds, since the group of five teeth for one card is repeated four times on 
the ratchet-wheel. 

Different cams are used for moving the card-carrier chains when it is 



necessary to lace cards for 400’s and 600’s jacquard machines. Fig. 217 
illustrates the three cams for 600’s jacquard cards, part of two of which 
appear in the bottom right-hand corner. Cams 1, 2, and 3 cause the 
ratchet-wheel in Fig. 218 to move through the distances represented by 
the same numbers, and the card to move through one wide gap on the 
card, and two shorter gaps as exemplified. Cams 2 and 3, Fig. 217, are 
used for moving the 400’s cards through the corresponding spaces, but a 
cam smaller than the one marked No. 1 must replace this one, because the 
distance between the holes in the 400*8 card at the top of the drawing is 
shorter than the corresponding distance between the holes in the 600’s card 
at the bottom of the drawing. 

In all cases it is found desirable to release a brake on the card chain 
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shaft when the cams and the ratchet-wheel are acting, and to ^pply the 



Fig. 218 . Fig. 219 . 


brake when the motion is completed. The cam W and bowl 49 for operat- 
ing the lever to the brake are illustrated in Fig. 219 ; the position shown 
is that when the brake is off. 

A general ])hotographical view of 
the machine, taken from the back, is 
illustrated in Fig. 220. 

The elevations of the feed and 
delivery sides of the ‘‘ Rapid ” machine 
appear first because the main driving 
shafts are most clearly exhibited in 
these views, which are reproduced in 
Figs. 221 and 222 respectively. In 
both views the driving belt A is on 
the loose pulley B, adjoining which is 
the usual fast pulley C, both pulleys 
being placed on the short driving shaft 
D. On the extreme end of this driving 
shaft is a balance and hand-wheel E, 
while on the inner end of the shaft is a 
small pinion F of 28 teeth ; this pinion 
is shown best on the feed side in Fig. Fio. 220. 

221, but is shown in Fig. 222 a little 

wider than the actual width in order to emphasise its position in 
that view. 

The driving shaft is supported by two brackets G and H fixed to the 
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frame J. ' The snfiall pinion F drives the wheel K of 75 teeth on the main 
shaft L of the machine. Not far from the frame opposite to the driving end, 
and on the same shaft L, are two pinions M and N of 18 teeth and 28 teeth ; 



both pinions are fixed on the extended boss 0. Pinion M is intended to 
drive, and is shown geared with, the wheel P of 90 teeth, while pinion N is 
intended to drive at other times the wheel Q of 84 teeth. Wlien this 
change is necessary, the boss 0 is slid to the left in Fig. 222, a movement 
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222. but dt is tba shaft which carries the cams illustrated in Fi^s. 216 
and 217. 

On the above-mentioned shaft L, and beyond the pinions M and N, is 
' a wheel S of 75 teeth, and identical with the wheel K near the frame at 
the driving side. Wheel K gears with wheel T, Fig. 222, and wheel S 
with wheel U ; the wheel T is supported by a stud near the end of the 
bracket G, while the wheel U is supported in a similar manner near the end 
of the corresponding bracket G^. Both brackets G and G^ project from, 
an(J are bolted to, the outer edges of the frame J. 

The cards 17 to be laced are placed in the receptacle G (seen clearly in 
Fig. 223), near which the attendant stands in order to feed the cards on to 
the pins or pegs of the chains 7, and to be able to control quickly and 
easily the treadles 8 and 8^ The combined treadles are fulcrumed on a 
shaft 9, which extends to the delivery side of the machine, and is supported 
at the two places by brackets 10. Near the cross-rail of the delivery side, 
and inside the framework J, is a lever 11 secured to and rising from the 
shaft 9. A connecting-rod 12, Figs. 221 and 222, connects the upper end 
of the lever 11 with the lower end of lever 13 fulcrumed on the stud 14. 
The belt-fork 15 is also fulcrumed at 14, and hence, when the left-hand 
treadle 8, Fig. 221 (the right treadle in Fig. 222), is depressed, it follows 
til at the levers and rods shown will cause the belt A to be placed on 
the fast pulley C by the belt-fork 15. Two cards 17 are in jiosition in 
Fig. 223, and are supposed to have been taken from the pile illustrated 
on bracket 6. A longitudinal view of a single card is shown in each of 
Figs. 221 and 222. 

The two endless card chains 7 bridge the gap between the adjustable 
chain carriers 18 and 19 on the shafts 18^ and 19^, pass partially round 
them, and under an adjustable tension roller 20, Figs. 223 and 224. The 
tension roller 20 is supported on a pin near the end of lever 21, and the rear 
end of the latter is loose on a pin in the bracket 22. The bracket 22 is 
supported as shown on the long flat bar 23, which is fixed to and near the 
cross-rail of the machine. A spring 24 connects the pendant arm of lever 
22 with the adjustable part in the bracket 22, thus providing a flexible 
connection. When the laced cards reach the delivery side of the machine 
their edges pass on to the inner discs of the chain carriers 19, and the cards 
are thus lifted from the pegs of the chains 7 to be finally guided to the floor 
or into some suitable receptacle clear of all obstructions by the two guides 
25, Fig. 222. 

A rectangle 27, Figs. 221 and 222, is shown* on the main shaft L. This 
rectangle is simply the side elevation of a box or positive cam, an enlarged 
view of which appears in Fig. 225. Running in the groove of the cam is an 
anti-friction roller, which rotates on a pin 28, Fig. 222, supported by a 
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part which is coupled to a lever 33 fulcrumed on the rod 34.* This rod 
stretches across the machine, is supported by two brackets 35, and carries 
two levers 36, one near each end. The free ends of the two levers 36 are 
connected with the pendent arms 37, Figs. 223 and 224 ; and holes in the 
lower end of the latter enable them to encircle the studs 38 at the extreme 
ends of the horizontal rail 39, Fig. 222. A circular hole near each end of 
the rail 39 allows it to be raised and lowered in a true vertical plane by 
sliding on the two upright guide rods 40. 

Fixed to the front of the rail 40, Fig. 221, are two arms 41, while atihe 
top of each arm is an inverted U-shaped wire 42, and between the two legs 
of each wire the thread take-up lever 43 can move freely. Each thread 
take-up lever 43 is ful- 
crumed on a pin in the 
bracket 44. It will thus 
be seen that as the shaft L 
rotates, the box -cam 27 
will cause the rod 32 to 
operate the levers and arms 
33, 36, 39, and 41, and will 
thus convey the desired 
movements to the thread 
take-up levers. 

One complete cycle of 
movements of the thread 
take-up mechanism takes 
place every revolution of 
the box-cam 27 on the main 
shaft L, and a similar cycle 
takes place with the needles pio. 225 . 

and shuttles. The mechan- 
ism for the latter will be described and illustrated later. And for each cycle 
of movements of the needles and the shuttles the jacquard card must be 
moved a distance between successive holes on the card, or the distance 
between the last hole in one card and the centre of the gap between it and 
the next card. It therefore follows that the speed of the chain-carrier 
shaft 19^ will depend upon the number of lacing holes in the width of the 
card. 

The disc 26 is provided with five cams for the cards used in the Brussels- 
carpet jacquard, and hence* there must be one revolution of the shaft L 
for each of the cams 1, 2, 3; 4, and 5, or five revolutions of the shaft L for 
one complete revolution of the camshaft R. It ha,, already been pointed 
‘ out that pillion M, Fig. 222, has 18 teeth and wheel P has 90 teeth ; hence, 
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since the Speeds o¥ the shafts are inversely proportional to the numbers of 
teeth in the wheels on the shaft, it follows that 

Revolutions of shaft R 1 

; or 

Revolutions of shaft L 5 




the ratio required. 


When the disc 26 has three cams, as exemplified in Figs. 218 and 220, 
the* pinion N, Fig. 222, must be in gear with the wheel Q, when the ratio 
of the shafts R and L will be 

N_28 1 
Q"84'"3’ 


because the shaft L must in this case make three revolutions for each 
revolution of the cam-shaft K. 

As the camshaft R revolves (see Fig. 223) 
the five cams, 1, 2, 3, 4, and 5, working clock- 
wise, come successively against the anti-friction 
roller 45 in the lever 46, fulcrumed at 47; and, 
since the upper end of the lever 46 controls the 
adjustable j)awl 48, it follows that the latter 
will cause the ratchet-wheel V to move the 
varying distances necessary for correct lacing. 
The adjustment of the end of the pawl 48 is so 
that the extreme end can be set to nifike sure 
of moving to the next tooth each time ; the 
distance through which the pawl actually moves depends obviously upon 
the strokes of the various cams on the disc 26. After the lever 46 has been 
released by the cam, it is returned into close contact with the disc 26 by 
means of a spiral spring attached to the lever 46 and to a stud 46^ pro- 
jecting from and fixed to the end frame. 

The brake-cam, together with the remaining mechanism, is illustrated 
in Fig. 22ff. The cam W, with five projections (the same cam illustrated 
in Fig. 219), is for use in connection with the five cams on the shaft R, 
while the cam to the right in the detached view is used in conjunction 
with the three cams illustrated in Figs. 217 and 220, and with the ratchet- 
wheel shown in Fig. 218. The mechanism shown in Fig. 226 occupies a 
position between the frame J, Fig. 223, and the disc 26 ; hence the method 
of illustrating this part in Fig. 226. 

As the cam-shaft R rotates, the projections on the brake-cam W operate 
on the anti-friction bowl 49 in unison with the action of the five cams on 
the anti-friction roller 45 in lever 46. In Fig. 226 the brake 5t) is on, the 
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leather face gripping the brake- wheel 51. One of the projectidns on the 
cam W is just about to act, and when this occurs it is evident that the anti- 
friction roller 49 will cause the lever 52, fulcrumed at 53, to move slightly 
counter-clockwise, and simultaneously the brake lever 54, on the same 
fulcrum, will make a corresponding angular movement in the same direc- 
tion, and will thus create a gap between the brake 50 and the brake-wheel 
51 just when one of the five cams on the disc 26 commences to move the 
anti-friction roller 45. When the projecting point of the cam W leaves the 
anti-friction roller 49, a double flat spring 55 forces the brake 50 again 
into close contact with the brake-wheel 51 . 

The wheels T and U, Figs. 223 and 224, stand well out from the frame 
J because of the function which they have to perform, and which will be 
described and illustrated shortly ; the operative is protected from these 
wheels by suitable guards when she has occasion to perform any duty at 
the delivery side. One of these guards is shown detached at 56 in Fig. 224 ; 
part only of the corresponding one is shown bolted, or, rather, set-screwed 
to the bracket in Fig. 223. In some machines the shaft R extends 
across the frame, and in these cases a bracket is placed on the frame as 
indicated in Fig. 224. 

The upper lacing twine, if on cheeses or bobbins, may be placed on a 
rod in a suitable position. When the lacing twine is in balls, each ball 
may have a separate bowl, or all may be placed in a long dish 57, Figs. 
221 to 224, in similar positions to the bobbins 58 ; hence a dish is suitable 
for balls of all kinds. 

The upper lacing twine 59 in these figures first passes upwards and 
between the rods 60 and 61, then downwards behind the rod 62, Fig. 221, 
through a guide curl, and round the tension apparatus 63. It is then 
carried upwards in front of rod 62, through an eye in the thread take-up 
bracket 64 (see also Fig. 224), then behind rod 62, through an eye in the 
needle-holder 65, and finally through the eye of the needle 66 as exemplified. 

In Fig. 221 there are four needle-holders 65 for the four rows of lacing, 
but any desirable number may be accommodated and placed at any 
position, since each needle-holder 65 is adjustable on the flat rod 67, Fig. 
221. This flat rod is fixed to the cross-rail 68 as shown. Similar pro- 
vision is made for the adjustment of the thread take-up brackets 64, for 
all are carried on the rod 69, and the two ends of the latter are operated by 
the thread take-up levers 43. 

The cam 27, Figs. 221 and 222, through rods and levers 32 to 41, 
causes the thread take-up levers to operate somewhat similarly to that 
already described in connection with the foregoing lacing machine. The 
springs 43^, Fig. 222, acting on the underside of the thread take-up levers 
43 help to secure the necessary movements of the latter. 
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Fig. *227 illustrates a plan of the machine with the upper lacing nlechan- 
ism and all parts above the needles omitted ; it also shows the best view 
of the cop winding mechanism. 

One full-width card is illustrated in each of Figs. 221 and 222, and three 



full-width cards are shown in Fig. 227, but no lacing twine is exhibited, 
since the method of lacing has already been demonstrated. 

Provision is made for the lacing of shorter cards than those illustrated. 
In Fig. 227 the two chains 7 are shown in th‘eir respective chain races in 
the plates 70, and in position for conveying wide cards. An extra chain 
race is, however, shown at 71, and opposite this race either of the chain 
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guides*l8 may be fixed. Enlarged views of a pair of links from chain 
appear in Fig. 228. If a chain with larger links is required, say, for wide 
cards such as those used on a GOO’s jacquard machine, each link for one 
chain is similar to that illustrated in the extreme right-hand bottom comer 
of Fig. 228, and the larger chain guides 72, Fig. 227, placed in position. 
In addition, the chain conveyers 19 are moved inwards, so that the wide 
flat surfaces 73 may draw the cards forward, and the larger discs 74 lift 
the cards from the pegs of the chain 7. 

The whole of the mechanism for winding the lower lacing twine is oiit- 
side the main frame, and supported by a supplementary frame immediately 
above the pulleys B and C. This supplementary frame 75 is fulcrumed 
on a shaft 76 in the bracket 77, while a spiral spring 78 from a stud 79 
is attached to a hook in the supplementary frame 75, and thus keeps the 
whole frame and mechanism in the 
highest position. 

A shaft 80 near the middle of the 
frame carries a leather-faced pulley 81, 
while on the same shaft and near the 
main frame is a wheel X of 60 teeth. 

Wheel X drives two wheels Y and Z of 
60 and 28 teeth respectively. Wheel Z 
is on the shaft 82, and at the other end 
of the shaft is the spindle 83 upon which 
the lacing twine is wound in the form 
of a small-diameter cheese. 

The bracket 84 is in the position shown when the winding is in process, 
but it can be withdrawn from the end of the spindle when it is desired to 
remove the cheese or cop. Wheel Y drives a further shaft 85, on the end 
of which is a bevel pinion 86 ; the latter drives a larger bevel- wheel 87 
on the short shaft 88, and on the extreme outer end of the shaft 88 is the 
box-cam 89. An enlarged view of the cam appears in Fig. 229. An anti- 
friction roller, supported by the bracket 90, Fig. 227, runs in the groove 
of the cam 89, and since the bracket is attached to the lever 91 fulcrumed 
at 92, it follows that the free end of lever 91 will oscillate above the spindle 
83. A hole in the free end of lever 91 forms the thread guide. 

The lacing twine is first wound round the projecting part of the fulcrum, 
and then through the eye of the lever 91. The operator allows the twine 
to run through a tallowed cloth held in one of her hands, and with the other 
she presses down the handfe 93 in the frame 75 until the rotating loose 
pulley B imparts its circunrferential speed to the winding pulley 81. She 
is thus able to grease the twine and to .detect knots <. b the same time as she 
is winding The cheeses. It will be understood that no knots are allowed to 
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pass on''tJ) the cheese. When the cheese, which is about 3f in. lofig, has 
reached a diameter of about 1| in., the handle 93 is released, the mechan- 
ism stops, and the cop or cheese is withdrawn from the spindle 83 in the 
usual way after the bracket 84 has been removed as already explained. 

An enlarged view of part of a card for a Brussels-carpet jacquard is 
shown in Fig. 230 with the presser foot 94 and the needle 95 in position. 
A grooved wheel 96 is supported by the forked ends of the presser foot. 
This wheel serves a double purpose : it facilitates the movements of the 
ca>ds 17, Fig. 227, over the plates 70, and acts as a guide for the up-and- 
down movements of the needle 95, Fig. 230. 

In the plan view, Fig. 227, the wheels M and N are shown in three 
positions. It will be understood that the letters M and N represent the 
positions occupied when five cams are used ; but when three cams are 



Fig. 229. Fig. 230. 


used, the wheel N goes to the position marked N^, and wheel M occupies 
the position thus vacated by wheel N. 

A sectional view of the chief parts of the machine is shown in Fig. 231, 
and this view, considered along with the part plan view in Fig. 232, illus- 
trates the mechanism for the lower lacing twine. An enlarged view of 
a needle 95, which, naturally, works in conjunction with the lower lacing 
mechanism, is shown in Fig. 233. The sectional view, Fig. 231, shows that 
the needle 95 is approximately in its lowest position, with the thread 
take-up lever 43 in its lowest position, and the upper lacing twine 59 quite 
slack. These are the positions of the parts when the tip of the shuttle is 
just about to enter between the needle 95 and the loop formed by the twine 
59 a little above the eye of the needle. It will thus be seen that the shuttle, 
although not shown in Fig. 231, is supposed to 'be on the right of the needle, 
and is, in fact, in the actual apparatus in the* shuttle carrier immediately 
behind the plate 96, to which the shuttle carrier is fixed by two screws as 
indicated. * 




[Ill 


METHODS OF LACING AND STITCHING CARDS 273 



Fig. 232. Fio. 233. 


All four shuttle carriers are obviously in the sauie plane, and all ar 
connected separately by pendent arms 97 to the flat bar 98 which stretche 
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across the machine (see Fig. 227). Near the ends of the flat bar' 98 are 
bolted two brackets 99, the outer ends of which encircle two shafts 100, 
These two shafts 100, one at each side of the machine, are secured to 
brackets 101 on the side frames J, and on these shafts the brackets 99 can 
slide. The forked part of each bracket 99 is attached as shown in Figs. 
231 and 232 to a rod 102 by the swinging bracket 103. The other end of 
the rod 102 is attached to the bracket 104, and this bracket encircles a 
stud 105 near the periphery of the wheel U. A similar connection is made 
at* the other side of the machine. It will thus be seen that, since wheels 
K, S, T, and U, Fig. 222, are equal in size, the wheel U, Figs. 231 and 
232, will make the same number of revolutions as the main shaft L. This 

is necessary, because the movements 
of the shuttles must synchronise 
with those of the needles and the 
thread take-up levers. 

The shuttle carrier 106, Fig. 232, 
holds the shuttle 107 in the manner 
indicated. A planed projection of 
the shuttle carrier passes through 
the slot in the plate 108, Fig. 231, 
and this projection is attached to the 
outside plate 96 by the two screws. 
As the wheel U rotates, the planed 
projection slides backwards and for- 
wards in the slot of 108, and thus 
the desired movements of the shuttle 
carriers and the shuttles are made. - 
While the lacing is in progress, 
springs 109, Fig. 231, in conjunction 
with the presser feet 94, keep the cards 17 on the pins of the chains 7, 
and yield slightly if any obstruction occurs. The presser feet are some- 
times held down separately by springs as shown in Fig. 220 ; but in the 
line drawing (see Fig. 224) a small spiral spring 1 10, attached to the bracket 
111 and to a projecting arm on the shaft 112, Figs. 223 and 231, serves 
the same purpose. The lowest position of the presser feet is determined 
by a similar arm 113 abutting against a projecting pin in the bracket 114. 

Three views of the shuttle 107 appear in Fig. 234. The criss-cross 
marks in the central view represent the cop, and in this view the lid of the 
shuttle is open. In the lower view, however, the lid is closed, but not 
fastened down. The thread — or, rather, the lacing twine from the inside 
of the cop— is first passed between the pins 115 and 116 as shown, and 
then the lid is closed down. The lacing twine is then passed between the 
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126 


Fig. 235. 


pin 116*and the slot in the lid 117, under the spring 118, which is kept down 
by another spring 119, and finally through the hole 120 in the side of the 
shuttle. The locking plate 121 is now rotated to the dotted position, when 
its end will have entered the 
slot 122 in the side of the 
shuttle. The lid 1 17 is hinged 
at 123. 

Figs. 235 and 236 are 
further views of the shuttle 
and shuttle carrier, with pro- 
vision for the entrance and 
withdrawal of the shuttle. 

The face of the shuttle 107 
slides against the part 108^, 
just clearing the needle which 
moves up and down in the 
slot 124, and through a hole 
in the plate 70. The card chain moves in the slot. 

In Fig. 232 the shuttle carrier 106 and the shuttle 107 are shown on 
the extreme left, and at this time the needle would be in the highest posi- 
tion. The hinged end or door 125 of the shuttle carrier is open in this 

view, and also in Fig. 236. 
Both views show the neces- 
sary position of the door 
when the attendant is putting 
in a shuttle or taking one 
out. When the machine is 
in work, however, the door 
must be up or closed, as in- 
dicated in Fig. 235. It is 
kept secure in this closed 
position by a spiral spring 
which exerts its pressure 
against the pendent arm of 
lever 126, shown stippled, 
such pressure causing the 
upper arm of the lever 126 to 
The door is hinged at 128 to 



Fig. 236. 


pass behind the fiixed retaining part 127. 
the shuttle carrier. To open the door it is only necessary to pull the 
long arm of lever 126 to the left, when the upper horizontal arm will 
clearly leave the retaining part 127, and allow the door to rotate to the 
lowest positifin as exemplified in Fig. 236, 
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The shuttle 107, shown in section in Fig. 236, rests as indicated upon 
two projecting parts 128 of the shuttle carrier 106 ; one only is shown 
in this figure, but both are dotted in Fig. 232. When this door 125 is 
down, the shuttle can be withdrawn to replace a new cop, after which the 
shuttle is again entered, the door 125 raised, and all is ready for continuing 
the lacing operation. 

The relative positions of the needle and shuttle in Figs. 231 and 232 
are indicated in Table IX. : 

Table IX. 

Needle down when the shuttle is on the extreme right. 

Needle commences to move slightly when shuttle commences to move to tlu* left. 
Needle 8toj)8, and remains stationary, while shuttle tij) is (‘iitering the loop, and also 
for a time during wliich the upper lacing twine is drawn through the needle eye to 
accommodate the increasing bulk of the shuttle. 

Needle commences to rise when the shuttle is about one inch from the extrem(‘ left. 
Needle reaches the top, or nearly so, at the same time that the shuttle reaches the 
extreme left. 

Needle commences to move down when the shuttle has moved about on(‘ inch towards 
the right. 

Needle just entering a hole in the card, or the gap betwTcn two cards, when the shuttle 
is opposite the needle or midw'ay in its travel. 

The speed of the machine depends naturally upon several considerations. 
In an illustrated handbook by the makers it is stated that “ 1000 cards or 
more per hour” can be laced. Under suitable conditions this number 
could probably be exceeded with three stitches per card, for the machine 
from which the foregoing drawings were made was running s})lendidly 
at 84 stitches per minute. This means a non-stop production of 

84 X 60 

— — =^1680 cards per hour ; or 
3 stitches ^ 

84x60 , 

~ = 1008 cards per hour. 

5 stitches 

Even if 25 per cent be deducted for stoppages, the production is higlily 
satisfactory. 



CHAPTER XIV 


MECHANICAL METHODS OP STITCHING CARDS 

The card-stitching machine made by the Singer Manufacturing Company. 
Limited, is very similar in build to that of the card-lacing machine described 
in the foregoing chapter ; it differs from it entirely, however, in the way 
of forming the cards into a continuous length ; the materials which are 
used to effect the chain-like form of the cards also differ essentially in 
the two systems of attachment. As already seen, the lacing machine 
is provided with two balls or two cheeses — as the case may be — of com- 
paratively thick and level twine for each head ; this twine may be of 
some multiple ply twisted in the ordinary way, or it may be made from 
about eight separate threads braided on the box-cord princij)le. 

On the other han(L each head of the stitching machine combines two 
narrow tapes — often The Braided circular cord flattened — one above the 
cards and the other below the cards'^ by means of two fine sewing threads. 
Such being the case, the mechanism for the stitcher, although similar in 
some respects to that of the lacer, is of a lighter build. 

Fig. 237 is a general photographical view of the machine ; it is nearly 
a full front view of a 4-head machine, but it also shows most of the mechan- 
ism on the right hand— the driving side — and a half-full view of the spool- 
winding mechanism. 

The line drawing illustrating a front elevation of the machine is shown 
in Fig. 238, but in this case only three heads are illustrated. The corre- 
spending line drawing of the driving end of the machine is illustrated in 
Fig. 239. The machine may, of course, be driven either from above or 
below, and in both cases the belt from a drum on the driving shaft com- 
municates motion to the stitching machine belt pulley A on the main shaft 
B, which is made to revolve counter-clockwise when viewed from the 
driving end as indicated in F ig. 239. 

Near to the belt pulley A, Fig. 238, and between it and the frame 
of the machine, is a hand- wheel C and the cone P. The latter enters a 
correspondiitg recess in the driving pulley A, and these two, together with 
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the treadle E and the intermediate mechanism, enable the operator to : 
start and stop the machine at will. The treadle E is fulcrumed on the 
rod F, and on the same rod is fixed the lever G, the free end of which is - 
connected to the lower and horizontal arm of the driving shaft friction ^ 



Fig. 237. 


lever H by means of the link J. In some cases, as shown clearly in Fig. 237, : 
a projection from the back of the treadle IT serves the same purpose as 
the lever G in Figs. 238 and 239. 

The friction lever H, Fig. 238, is fulcrumed at K, and, in addition to its 
horizontal arm ff, is provided with two vertical arms and ; the/; 
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arm is in close contact with the pointed end of the small bu^ L on the 
belt pulley A, while the side of the upper end of the arm is provided 
with a leather face to form a brake when it comes into hard contact with 
the face on the side of the hand-wheel C. In the absence of any press- 
ure on the inner half of the treadle E — that farthest from the operator — 
the weighted outer half keeps the treadle in the low position as indicated 
in all the figures. When the treadle is in this normal position, the leather 
face of the armH^^^ is in contact with the face C^, but there is a gap between 
the outer surface of the cone D and the inner surface of the belt pulley A. 
If, however, the inner half of the treadle E be pressed downwards, it is 
evident that the lever G will move in unison, and will cause the lever H 
to make a slight movement counter-clockwise. Fig. 238, while simultane- 
ously with these actions the brake lever will be withdrawn from con- 
tact with the face C^, and the upper end of the long vertical arm will 
push the belt pulley A, and therefore the inner surface of the cone, into 
close contact with the outer surface of the cone D. The friction thus 
introduced will start the machine. 

It was shown in connection with the lacing machine that it was necessary 
for the feed-wheels to move varying distances, such distances depending 
upon the space between adjacent lace-holes on the card, and the space 
from the last lace-hole on the card to the centre of the gap between adjoin- 
ing cards. In the machine under notice the peg-wheels cover the same 
distance each movement, and this distance is much less than that required 
for the feed -wheels in the lacing machine. In some of the stitching 
machines — not those of the latest design — the peg-wheels are moved 
through the necessary distance by means of a feed friction- wheel and friction 
blocks (see W, Fig. 237), but in the latest type the corresponding move- 
ment of the })eg- wheels M is obtained by means of a ratchet-wheel N, 
Figs. 238 and 239, and the usual pawl 0, the latter of which is operated as 
follows : On the main or driving shaft B and near the frame. Fig. 238, 
is a disc P. A positive or box cam Q, Fig. 240, is cut into the right-hand 
face of the disc P, and a different box cam 2, Fig. 241, is cut into the left- 
hand face of the disc. An anti-friction bowl R, Fig. 239, enters ohe grooved 
cam Q, while the bowl itself rotates on a pin which projects from the side 
of the long arm of the lever S fulcrumed at T. The curved and shorter arm 
of the lever S, Fig. 239, is provided with a concentric slot S', through the 
medium of which one end of the link U can be adjustably fixed to the 
curved arm S by the wing-nut V ; the other end of the link U is attached 
to the lower arm of the feed lever W fulcrumed on the feed-wheel shaft X. 
The latter is supported by the brackets Y, Fig. 238, which may be raised 
or lowered slightly for the adjustment of the pe;-wheels M by reason of 
the milled^headed screws Z. The feed-wheels in Figs. 238 and 239 are 
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for 12 -TOW or GOO’s jacquards; 
whereas those in Fig. 237 are for 
8-row or 400’8 jacquards. One oi 
the adjustment brackets Y is clearly 
seen in the latter view. 

From the position of the parts 
illustrated in Fig. 239 it will be 
observed that for every revolution 
of the shaft the cam Q, throiigh 
the medium of the friction bowl R, 
will raise and lower the long arm 
of lever S, and hence the short 
curved arm of the latter will cause 
the link U to move the lower end 
of the feed lever W to left and to 
right respectively, while the upper 
end of the feed lever W and the 
pawl 0 will move in unison, but to 
the right and left. It will thus be 
seen that the ratchet-wheel N will 
be moved by the pawl 0 every 
time the long end of the lever S is 
raised by the thick part 
of the cam Q, and that 
the correct length of 
movement of the pawl 
0 can be obtained 
by the proper adjust- 
ment of the link U 
in the curved arm of 
the lever S. 

The cam 2 on the 
left-hand face of the 
disc P, Figs. 237 to 241, 
is for the thread take- 
up mechanism. The 
long lever 3, Fig. 239, 
is fulcrumed on a stud 
4 in the framework. An anti-fric- 
tion bowl 5 on a pin projecting from 
the side of the lower end of the 
lever 3 enters the cam 2, while the 
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upper •end of the lever 3 is attached to the thread take-up rock-shaft 
lever 6 by the link 7. The lever 6 is fixed to the thread take-up rock- 
shaft 8 by means of set-screws, while a thread take-up lever 9 of the 
usual kind for each head is also fixed to the rock-shaft 8. 

The nature of the movements of the thread take-up levers is similar 
to that already described in connection with the lacing machine, and need 
not be recapitulated ; it is sufficient to say^ that as the cam 2 rotates, 
the lower end of the lever 3 will be moved at the proper times alternately 
to right and to left, while the upper end of the lever 3 will reciprocate 
oppositely, and through the link 7 and the lever 6 will cause the rock- 
shaft 8 to rotate clockwise and anti-clockwise through the necessary 
angle for the various essential movements of the thread take-up levers 9. 

The needle 10, Fig. 238, is connected in the usual way to a needle clamp 
11 near the bottom of 
the needle bar 12. A 
line drawing of the end 
opposite the driving 
pulley is shown in Fig. 

242. 

On the needle bar 
12, and inside the head, 
is fixed a collar 13, from 
the side of which a pin 
projects to provide 
means of completing 

the connection, through the link 14 and the lever 15, to the needle bar 
rock-shaft 16. On the ehd of this shaft— outside the frame — is fixed the 
needle bar rock shaft crank 17, and from a pin projecting from the side 
and near the end of the crank 17 is placed the connecting-rod 18. 
Finally the lower end of the rod 18 is placed on a similar pin 19 projecting 
from the face of the disc 20 on the grooved wheel 21 ; the latter is on the 
reduced end of the main shaft B. Consequently, as the main shaft 
B revolves, the needle 10 will be raised and lowered in the well-known 
manner. 

The upper sewing thread 22 for the needle 10 comes from a bobbin or 
cheese 23, seen best in Figs. 239 and 242 ; it is passed first through a wire 
guide 24, then between the discs of the tensioning device 25, up and through 
an eye near the end of the thread take-up lever 9, and then down to and 
through a guide on the claifip 11, and finally through the eye of the needle 
10. The lower sewing thread will be referred to later. 

The tape 26 for the upper side of the card is le(^ from the larger bobbin 
or cheese 27 (sometimes the cheese is inserted between discs 28), through 
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the wire* guide 29, then through a similar wire guide 30 near the ffont of 
the machine, and finally down the guide of the presser foot 31, which is 
fixed to the presser rod 32. The latter is raised when required by the 

handle 32^, Fig. 238. The tape 33, Figs. 
239 and 242, for the underside of the 
cards comes from a similar cheese or 
bobbin 34, supported by a pin in the 
bracket 35, then through a wire guide 36, 
Fig. 238, and afterwards direct to the 
needle plate 37. 

The heads which support the needles 
and presser feet are of course capable of 
being adjusted to any ])osi- 
tion on the rail 38, Fig. 238, 
while similar provision is 
made for the shuttle race 
supj)orting arms 39 ; the 
latter means of adjustment 
is shown clearly in Fig. 243, 
where the lower part of one 
of the shuttle race supporting 
arms 39 is shown dovetailed 
on the rail 40. 

Figs. 243, 244, and 247 
illustrate the method of 
rotating the shuttle race 
pinion 41 by the eccentric 42 
on the main shaft B, and the 
rack 43^ at the u])])er end of 
the eccentric rod 43. Fig. 
243 also emjdiasiscs the 
method of lifting the cards 44 
from the feed wheels 
M ; this is done by 
the small bracket 45 
secured to the side of 
the shuttle race 39^, 
Fig. 243. 

Special details of the shuttle race, shuttle carrier, and shuttle are 
, illustrated in Figs. 246 to 258. Two end elevations afe shown in Figs. 246 
and 247 ; in the former view the shuttle 45 is in its working i)osition, but 
in Fig. 247 its position is shown when it is necessary to remov& an empty 
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spool 46, or to insert a full one. In Fig. 247 the empty spool llidicated 
as leaving the shuttle. The teeth of the rack 43^ on the end of the eccentric 
Tod 43, and the small pinion 41, are shown in Fig. 246. 

A front view of the shuttle race 39^ appears in Fig. 248, and when the ^ 
shuttle frame and shuttle are placed in the race, the cap, Fig. 249, is placed 
in front, and secured by means of the spring 50, Fig. 250, and the screw 
shown detached. The short shaft 
47, Figs. 246 and 251, which 
carries the pinion 41, passes 
through the central hole in the 
shuttle race 39\ Fig. 248, and is 
naturally free to rotate in the said 
race. Fixed to this short shaft 
47 is the shuttle driver, Fig. 251, 
and this driver is provided with 
two blunt projecting ends 48 and 
49 which rest against the corre- 
sponding recesses 48^ and 49^ in 
the shuttle frame 51, illustrated 
in the upper view in Fig. 252. 

The position of the shuttle 45 
is shown dotted in the shuttle 
frame 51 . It will be evident that 
as the shaft B, Figs. 244 and 245, 
rotates, the eccentric rod 42 will 
cause the rack 43\ at the upper 
end of the eccentric rod 43, to 
rotate the pinion 41 and the short 
shaft 47, and also the shuttle 
driver, Fig. 251, alternately clock- 
wise and counter-clockwise ; hence 
it follows that the drivers 48 and 
49 will cause the shuttle frame 51 , 

Fig. 252, to make similar oscilla- 
tory movements inside the shuttle 
race 39^ Fig. 243. Two views of a spool 46 are shown in Fig, 252, and 
this spool carries the lower stitching thread 52. 

The lower sewing mechanism is illustrated completely in Figs. 253 to 
256 inclusive. Fig. 253 shbws the needle 10 through the tapes and card 
44. The upper sewing thMad 22 passes down the long groove side of the ^ 
needle — the side nearest the thread take-up lever- out at the short groove 
side, and then to the stitched portion of the tapes and card. When the 
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illustrated in a lower position than what actually obtains in practice, so 
that the loop might be seen more clearly. The needle eye is only about 
J in. below the point 54 when the latter enters the loop. The point 48 of 
the shuttle driver will at this moment be pushing the shuttle frame round » 



Fia. 251. Fig. 252. 


clockwise, Fig. 253, and simultaneously with this movement the needle 
rises. In Fig. 254, which is a plan of Fig. 253 minus the shuttle 45, the 
point 54 is shown behind the needle 10 and in the loop formed by the 
thread 22 and the needle. 

In Fig. 255 the needle is nearly at its highest point, and the shuttle 45 


22 



Fig. 253. Fig. 264. 


is approaching the extent of its travel clockwise. In this view the needle 
thread 22 is shown with the loop much enlarged— the thread take-up lever 
having let off sufficient to Show the body of the shuttle to pass through 
and to carry its own 4;hread«52 with it. 

In Fig. 256 the shuttle has arrived at the end of its journey, the needle 
is full up, and the thread take-up lever is drawing the slack of thread 22 
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with it*; •this operation causes the large loop to slip over the back of the 




shuttle somewhat as indicated. 
The thread 22 has to be drawn 
sufficiently tight to enable it to 
occupy a position near the middle 
of the card — that is, midway be- 
tween the top and bottom tapes. 
The feed dog starts and completes its motion just before the needle enters 
the cloth to repeat the cycle of 
operations. 

Fig. 257 is an enlarged view 
of the tapes, card, and sewing 
threads, with a more or less 
diagrammatic view of how the 
two threads should appear when 
the stitching is completed. The 
upper view in Fig. 258 shows 
the presser foot 31 and the needle 
plate 37, together with an en- 
larged view of the needle 10, the 33 
card 44, and the two tapes 26 and 
33. The lower view is a plan of 
part of the needle plate 37, and this 

shows clearly how the lower tape 33 is threaded in the slots of the needle plate. 
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Retmrning now to Figs. 238 and 242, it will be seen that a crossed round 
belt 55, on the grooved wheel 21, communicates the rotary motion to the 
double-grooved pulley 56 on the stud 56^, while a similar round belt 57 


passes from the larger groove 
of wheel 56 to the pulley 58 of 
the spool, and through this to 
the spool-winding mechanism. 

Several views of the spool - 
winding mechanism, which 
are shown about i?ths of their 
actual size, are illustrated in 
Figs. 259 to 266. Fig. 259 
is an elevation of the driving 
end; Fig. 260 is an elevation 
of the front of the winder ; 
Fig. 261 is an elevation of 
the opposite end to the 
driving end ; Figs. 262, 263, 
and 264 are elevations to 
illustrate the automatic 
knock-off motion; Figs. 265 
and 266 are plans. 

The round belt 37, Fig. 
242, when inoperative, is 
naturally on the loose pulley 
58, Figs. 259 to 266, but may 
be pushed on to the fast 
pulley 59, when desired, by 
means of the belt fork 60, and 
this may be done while the 
stitching machine is in opera- 
tion. The belt fork is opposite 
the loose pulley in Figs. 260, 
263, and 266, and opposite 
the fast pulley in Figs. 262 
and 265. The shaft of the two 
pulleys is provided with a 



worm 61, a pin 62 for rotating the spool, and a spool spindle 63. Hence, 
' when the belt is pushed on to the fast pulley as shown in Figs. 262 and 
265, the spindle 63 a^d the spool 51 will be rotated. At the same time 
the worm 61, Fig. 260, will move the worm-wheel 64 slowly round, and 
also the heast-shaped cam 65, which is secured to the wheel 64, as shown. 


u 
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The-j^'am guide 66 is fulcrumed at 67, while the projecting aim 68 is 
kept in contact with the heart-shaped cam 65 by a spiral spring 69, Fig. 
260. The sewing thread 52, exaggerated in thickness, will thus be carried 



slowly and at a uniform speed backwards Snd forwards, between the 
two flanges of the spool 51, Figs. 265 and 266. This work is done, as alr^dy 
mentioned, during the time that the cards are being stitched by the machine 
proper. All the attendant has to do is to see that there are cards on the 
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pegs of the , wheel M, Fig. 242, place an empty spool on the spindle 63, 
.Figs. 259 to 266, and start the winding apparatus by pushing the belt 
fork 60 in the proper direction ; the apparatus is stopped automatically 
when the spool is filled. This will be understood by consulting Figs. 
262 to 266. Fixed to the belt fork rod 70 is a bracket 71, the projecting 
arm of which is forked, as shown in Figs. 265 and 266, to receive the stop- 
rod 72— the forked end of bracket 71 is omlted in Fig. 264. A spiral 
spring 73 encircles the rod 70, and this spring will clearly be compressed 
when the belt fork 60 and its rod 70 are pushed to the right in Fig. 262, 
or to the left in Fig. 265 ; the spring is of course not visible in the latter 
view, since it occupies a position 
under the spring 76. 

A further bracket 74 is 
secured to the rod 72, and this 
bracket has an arm 75, stippled 
in Figs. 262 and 264, which 
depends as shown. Around the 
rod 72 is the above-mentioned 
spring 76, but this spring is 
arranged not to be compressed, 
but to cause a partial rotation 
of the rod 72 when the spool is 
full. 

It will be seen in Fig. 263 
that one end of the sjiring is 
against the framework at 76^, 
while the other end 76^ is behind 
the feeler 77, and the force of the 
spring tends to keep the feeler 77 
in close contact with the empty 
spool 51, Fig. 265, and also with the partially filled spool. When the 
belt fork 60 and its rod 70 are pushed to the right in Fig. 262, or to the 
left in Fig. 265, the projecting arm 75 slips, or is, rather, forced, in front 
of the boss 71 (see Figs. 262 and 264), and thus keeps the belt fork in the 
on position. As layer upon layer of sewing thread 52 is wound upon the 
spool 51, the feeler 77 is forced outwards gradually, but very slowly. 
Ultimately, when the spool is full, as in Fig. 266, the feeler 77 is full out, 
and the rod 72 will thus have been partially rotated until the arm 75 
(see the right-hand view in Fig. 264) is clear of the bracket 71. When this 
happens it is obvious* that the spring 73 will exert its potential energy 
on the bracket 71, and will force it, and also the belt fork 60, to the off 
position, as '^exemplified in Figs. 263 and 266. Again, the mechanism 
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' being very small— see the complete apparatus in Figs. 238 and® 242 as 
compared with the machine — it is necessary to set the automatic motion 
carefully, and when thus set it performs its work in an elegant 
manner. 

Fig. 267 illustrates several views of a different kind of shuttle frame, 
shuttle, and spool — a type which although not modern is still in use in 
a number of jacquard card-i titching machines. 

A few of the desirable conditions in connection with cards and card 
lacing are enumerated in Table X. 


Table X. 


1. A quick method of lacing. 

2. Level, strong, and comparatively inelastic lacing material, and for machine lacing, 

freedom from knots or thick places. 

3. Substantial cards capable of withstanding the drag, and the usual wear and tear 

wliich obtains while the cards arci in operation on the loom. 

4. Cards which are capable of resisting change's of shape and size under various 

atmospheric conditions. 

5. Facilities for introducing new cards into the chain to replace broken ones from , 

any cause. 

6. Conations which tend to prolong the life of the cards. 

7. Lacing or stitching material which will allow each card to lie very close' to the face 

of the cylinder when the selection of needles and hooks is taking place. 

8. The prevention of card sliding near to the place where a card is removed, or where 

the lacing twine breaks. 

9. Rapid methods of making the necessary changes for different sizes of cards, and 

for different numbers of stitches per card. 

10. The simplest possible type of mechanism, taking into consideration the work 

which has to be performed. 

11. Mechanism which does not easily get out of order, and in which those parts 

subjected to excessive work are accurately made and have wear-resisting 
qualities. 

Some of these conditions have already been discussed ; others do not 
come within the scope of this work. With careful work and lacing machines 
in good working order a set of cards may last for a considerable time, and 
may be in a moderately good condition when the lacing twine is worn out 
or ready for renewing. Some sets of cards may remain in good order for 
two or three renewals of lacing. In other cases the cards quickly begin 
to wear out, breaking near the edge, and thus causing a considerable 
amount of loom stoppages, with a consequent loss of production. 

Fig. 268 has been prepared partly to illustrate different kinds of lacing 
and stitching, and partly to enable us to refer to conditions which might 
prove useful in cases where breaking of cards is common. The particulars 
referring to Fig. 268 are in Table XL 
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Table XI. 

No. 1. Face of cards for Brussels jacquard. 

„ 2. Back „ „ ft 

(Laced on Singer’s lacing machine.) 

„ 3. Face of cards for 600’ s jacquard. 

„ 4. Back „ „ „ 

(Laced on Parkinson’s “ Rapid ” machine.)! 

„ 5. 400’8 cards laced on hand frame. 

„ 6. 600’s cards with double twist between cards and no lace holes. Woodhorse 
and Scott’s improved method. 

„ 7. 400’8 cards tain; stitching. Singer’s stitching machine. 

Nos. 1 to 5 are laced with one black twine and one white twine, but a 
lens is necessary to distinguish them. 

The lace holes in Nos. 3, 4, and 5 — ^that is, in the cards for 600’s and 
400’s jacquards — are at reasonable distances from the edges of the card, 
and hence these distances afford a moderate resistance to card rupture. 
In some cases the holes for the 600’s cards, instead of being in the 2nd 
and 11th rows as indicated in Nos. 3 and 4, are in the 3rd and 10th rows, 
thus increasing the distance from the two edges, and proportionately 
strengthening the outer sections. In Nos. 1 and 2, however, where four 
lace holes are used, the outer holes are very near the edges of the card, 
and it is a very common occurrence for the card to break at these parts. 

In Nos. 6 and 7 no lacing holes are required. No. 7 is, as stated, the 
stitched card, where the ordinary sewing cotton is passed through the 
card, and through narrow tapes, one on each side of the card, approximately 
every J in. When the cards require to be re-sewn, and the needles pass 
through the same holes during the re-sewing, the cards are practically 
as strong as they were when sewn for the first time. If, however, through 
any defect, the needles enter fresh parts of the card and near the old holes, 
it is not unusual for the sewn portion to break off, in which case the card 
is useless. This defect, which was more or less pronounced when the 
peg wheel was under the influence of a brake, is now practically eliminated 
in the modern machine, where the peg- wheel, as already illustrated, is 
driven by a pawl and a ratchet-wheel. In No. 6 type semi-circular 
holes are cut out of the edge of the card, and two pairs of thin lacing twine 
are rotated in opposite directions to make a crossing more secure than 
that obtained by a single pair of lacing twines. 

Each method of lacing has its own particular advantages, and also its 
drawbacks. It is evident, however, that there can be no sliding in the 
stitched cards illustrated at No. 7, and that each crrd can get very close 
to the face of the cylinder. Moreover, if a card break, it can easily be 
replaced by i-emoving the stitching, making a half-twist of the two lengths 
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of tape, and inserting the new card between ; this may be done without 
removing any of the undamaged cards from the loom. In some cases it 
may be necessary to insert a few stitches by hand. A somewhat similar 
method of repairing is possible when cards are laced as illustrated in No. 6, 



Fig. 268. 


but in this, as well as in the case of all other systems of lacing, there is a 
tendency for the cards to slide. 

The foregoing equipment of card-cutting, card-lacing, and card-stitching 
machinery is quite sufficient for small factories, or for those factories in 
which there is little concurrent duplication oi the«same patterns, for it 
is quite clear that whether the jacquard machines are of the ordinary- 
pitch, medium-pitch, or fine-pitch type, all the e,ssential operations for 
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the pre*paration of the jacquard cards ready for the loom can be efeciently 
performed by one or other group of machines already described. 

When, however, conditions arise which necessitate the employment 
of two or more looms on the same design, a condition which is very common 
in some industries, it is desirable that a further group of machines should 
be introduced in order that duplicate sets of cards may be prepared more 
quickly than is possible by the ordinary lard-cutting machine. The 
operation of lacing or stitching the cards will still be performed at precisely 
the same speed as if the cards had been cut in the ordinary way on ihe 
piano card -cutting machine. 

This auxiliary mechanism usually consists of two essentially different 
machines, termed respectively “ peg-and-lace-hole machines ” and “ repeat- 
ing machines.” The former, as its name suggests, punches the holes for 
the pegs and for the lacing twine only, and in otherwise perfectly plain or 
uncut cards, in order that these cards may be laced or stitched by one or 
other of the methods already described preparatory to being introduced into 
the repeating machine where the actual holes for the pattern are punched. 
The girl in the foreground in Fig. 127 is lacing (stitching) a set of cards 
which have been prepared in a peg- and lace-hole machine ready for duplica- 
tion in a repeating machine. The process of repeating may be, and is, 
performed by a method entirely different from that which we purpose 
describing at present ; the method to be described first is, however, the 
more efficient, although the other machine possesses its own particular 
advantages, which will be discussed at the proper time and place. 
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CHAPTER XV 

PEG- AND LACE-HOLE MACHINES 

A LITHOGRAPHIC view of the peg- and lace-hole machine made by Messrs. 
Devoge and Co., Manchester, appears in Fig. 269. The machine is small, 

and in the illustration looks 
very simple, but, neverthe- 
less, it performs the work 
admirably, and is an essential 
adjunct to the more elabor- 
ate machine by means of 
which the actual holes in the 
cards for the pattern are 
punched. 

The illustration in Fig. 209 
shows quite clearly the fast 
and loose pulleys A and B 
on the main shaft C, the 
strap of the eccentrics D, and 
the rod which connects the 
strap of the eccentric with 
the end of the })unching 
block E at the top of the 
machine. It also shows a 
pile of uncut cards X on the shelf of the upper wooden box 3, a card 
immediately under the punches of the upper punching block E, and a 
punched card emerging from the machine and about to drop into the open 
part 3^ of the upper wooden box. The three rows of lacing holes and the 
two peg holes are distinctly visible in the latter card, and the punching of 
these holes, as already stated, constitutes the sole function of the machme. 
The large box L near the floor is placed there to* catch all the small 
circular bits which are punched out of the cards, and which drop from th 
corresponding punch boles in the bottom punching plate. ‘ 
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Fig* 270 is an elevation of the driving end of the machine, but for 
clearness the fast and loose pulleys have been omitted ; their positions and 



Fig, 270. 


size are represented by the dotted circle marked B. A front elevation is 
shown in Fig. 271, while a plan view is displayed in Fig. 272. The main 
shaft C carries the eccentrics D, Fig. 270, one near each end, and the 
adjustable rt)ds F connect the straps G of the eccentrics D to the ends of 



Fig. 271, 


The machine illustrated in Figs, 270 to 27fi is Ranged to be driven 
from a drum on a shaft below the floor, and the belt fork M shows that 
the direction of movement is clockwise as indicated by the arrow in 
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Fig. 276. The belt fork M is operated by the handle N near the top of the 
lever 0 fulcrumed at P, the lower end of the lever passing through a slot 
in the sliding bracket Q to which the belt fork M is fixed as depicted in 
Fig. 271. The machine can, of course, be driven from above if desired, 
and necessary parts for this purpose are provided. 

It is obvious from Figs. 270 and 271 that as the main shaft C rotates, 
the eccentrics D with their straps G and rodf* F will cause the punching 
block E to rise and fall every revolution ; the throw or stroke of the eccen- 
tric D, and therefore of the punching block E, is 1 J in. The actual punch- 
ing plate or guide plate is composed of two fixed plates R. and S ; the former 



in conjunction with the block E keeps the punches vertical and guides them 
to the holes of the actual cutting plate S ; whereas the uppex punching 
block E supports the punches and imparts the pressure which causes the 
said punches to pass through the card. 

When the block E is in the highest position as indicated in Figs. 270 
and 271, the lower and cutting parts of the punches T for the lace holes 
and U for the peg holes are raised into the guide plate R and above the 
slot V by means of shoulders near the upper ends of the punches. This 
will be understood from tbe much-enlarged detacher! view of the punches 
in Fig. 271 , and from the sectional views to follow. It is at this time that 
the recently* punched card is ejected, and a new card inserted. The hook 
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^ W, Fig. ^70, is ready to draw the card X between the two fixed guide and 
cutting plates R and S, and this must obviously be accomplished before 
the ends of the punches T and U reach the card as the block E is descend- 
ing. The cross-plates Y, Figs. 271 and 272, are secured to the block E by 
passing their ends through slots in the block and inserting pins Z as shown, 
so that when the block E descends, the cross-plates Y force down all 
punches T and U, and effect the cutting of the eight holes as exemplified in 
Fig. 269. The arrangement also offers facilities for the quick removal or 
en'try of punches before and after repairs, or to place the punches in different 
positions with regard to the size of card which is in work. 

The stock of cards X, Figs. 269 and 272, rests upon the ledge 2 of the 



Fig. 273. 

upper box 3, the opening 3^ of the latter being left white in Fig. 272. As 
soon as the hooks W have drawn forward the card X, Fig. 270, under the 
punches T and U, the attendant takes another card from the pile and 
places it ui position between the angular guide plates 4, Fig. 272, of the 
lifting board 5, fulcrumed at 6, so that the card will be as illustrated before 
the hooks W come forward. In Fig. 272 the hooks are forward- that is, 
full out, and their drawing edges overlap the outer edge of the card. 

The various operations will be better understood by reference to the 
sectional views in Figs. 273, 274 and 275. In Fig. 273 the hook W is full 
out, and has been forced to this position by th*e action of the anti-friction 
bowl 7 on the end of the lever 8 fulcrumed nean the middle of shaft C, and 
the two levers 9 and 10 fulcrumed on the shaft 11. A spring 12, one end 
of which is fixed to a pin projecting from a convenient part ai the frame, 
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and th^ other end to a strap 13 attached by a set-screw 14 to the ’boss of 
the lever 9, serves to draw the levers 9 and 10, and therefore the hooks W, 
to their other extreme positions. Thus, as the shaft C and the crank 8 
move clockwise in Fig. 273, the anti-friction bowl 7 gradually allows the 
lever 9 to be drawn upwards by the spring 12 and the connections mentioned, 
and therefore the catch on the hook W will draw the card X to the position 
indicated in Fig. 274. Small angular stop-pieces, not shown in the illustra- 
tions, are inserted at the back to arrest the card X when it has reached its 
proper jiosition with regard to the punches T and U ; one set of st-:p- 
pieces are used for GOO’s cards, and a different set for 400’s cards. The 
front punches remain for all sizes of cards, but the peg-hole punches and 


Fig. 274. 



the back row of lace-hole punches are moved to suit the different widths 
of cards. 

When it is required to punch the necessary lace and peg holes for shorter 
cards, say those for 8-row 200’s jacquard machines, one only of the two 
hooks W is required, but an additional hook W^, Fig. 271, is brought into 
use. The boss end of thii hook is made in halves so that it may be quickly 
clamped on to the rod 15, Figs. 270 and 272, to which the hooks W are 
attached, and as quickly removed when longer cards of the 400’s and GOO’s 
kinds are to be treated. 

The punches T and U enter the card X immediately after the latter 
has been placed in position as indicated in Fig, 274 and by the sectional 
view on the left. Iti^houi^ be mentioned that the slot V into which the 
card is drawn is about J in. deep, but the entrance is curved to about f in. 
in order toiadmit of an easy and sure entrance of the card. When the 
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eccentric* D, and therefore the block E, are full down, the punches Y and U 
have passed through the card and have penetrated about J in. into the 
holes in the cutting plate S. A clearing plate — that is, a plate operated 
by springs when the block E is rising — to remove the card from the ends of 
the punches T and U is illustrated in Fig. 269, but in the more modem 
machine this plate is unnecessary. 

As the shaft C rotates, Jhe block E is raised and the punches T and U 
are withdrawn from the card enclosed in the J in. gap V, and when all the 
putnches are clear, and the anti-friction bowl 7 has been rotated to the 



point indicated in Fig. 275, the hook W will have been forced outwards 
to the position shown. During this outward movement it is necessary 
that the newly punched card shall be ejected in order to leave room for 
the entrance of a new card as the hook W returns. A deep shoulder 16 
on each of the two hooks W forces the card X from the gaj) V, and at the 
same time a small cam 17 on the shaft C raises the lever 18 fulcrumed at 

19. The outer end of this lever is attached to the lower end of the rod 

20, while the upper end of the rod is attached to 'the short lever 21 fulcrumed 
at 22. It will thus be seen that the outer end of the«lever 21 will act upon 
the underside of the lifting board 5 fulcrumed at 6, and will raise the free 
end sufficiently high to form a gap through which the card X rtay pass and 
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then dr®p into the opening 3^ of the box 3. The underside of thd lifting 
board 5 is cut away to facilitate this action. 

Without stating the actual times when the various actions take place, 
we may indicate them generally as follows ; Just before the eccentric 
D reaches the top centre, the hooks W have slipped over the card on the 
top of the lifting board 5. Then the lifting board drops to its lowest 
position, and the hooks W commence to move in, drawing the card X 
with them. The eccentric causes the block E to move down when the 
card has travelled about 

in. When the card is 
full in — i.e. under the 
punches T and U with the 
hooks W full in— the upj)er 
block E is about I in. from 
the lowest position. The 
eccentric is on the front 
centre when the lifting 
board 5 commences to rise, 
and shortly after the edge 
of the lifting board raises 
the hooks, and the latter 
commence to move out- 
wards and to eject the 
newly punched card as 
described. 

Another efficient peg- 
and lace-hole machine is 
that illustrated in Figs. 

276 to 283. This machine 
was made originally by 
Messrs. William Ayrton 
and Co., Gorebrook Iron- 
works, Manchester, but it 
is now made by some otjicr firm. A lithographic reproduction which 
illustrates the general appearance of the machine appears in Fig. 276. 
This view represents the feed side and the balance-wheel end of the 
machine ; the cards which are ready to be fed are shown on the wooden 
tray at the top of the framework and the upper plate, while those which 
have been punched and d^ivered from the machine are at the delivery 
side. The opening b^weep two of the upper arms of the balance-wheel 
enables one to see the ends of the cards. 

This gen^^’al view might be consulted with the description of the line 
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drawings, of which Fig. 277 is an elevation o!e the driving end, Fig. 278 
is a front elevation of the feed side, and Fig. 279 is a plan. The machine 
may be driven either by hand or by power ; the illustrations show the 
power-driven one, in which the fast and loose pulleys A and B are on the 



main shaft C. The latter extends through the machine, is supported in 
the usual manner by the two side frames D, and carries a balance- or hand- 
wheel E at the end opposite to the driving end. Between the two side 
frames D, and fixed to the main shaft C, are^two fccentrics F, Fig. 278, 
and two cams G. The two eccentrics F, Figs. 278 and 282, raise the 
punching block H through the medium of two anti-frictiQn wheels J, 
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and restrain its downward movement, while the two cams G operate in 
one direction the card-carrier arms K and K^, both of which are fulcrumed 
on the low shaft L. A spring M, one end attached to the free extremity 
of rod N, fulcrumed on L, and the other end to a web 0 (also shown in 
Fig. 282) in the bracket P, serves to return the arms K and to the 



position illustrated in Fig. 277. The arm carries a wing upon the pin 
of which is placed an anti-friction roller Q, and it will be seen that as the 
shaft C rotates, the cams G ^will gradually force the anti-friction rollers Q 
' — one on each arm — and the two pairs of arms K and to the left 
in Fig. 277, and in Figs. 280 to 282. The three latter views illustrate 
sections of p^rts of the machine. 
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The gaps between the upper ends of the two pairs of arms E'and 
(see also Fig. 276) are bridged by the actual card carriers E, provision ’ 
being made in the latter for two cards, and somewhat as exemplified in 
Figs. 280 to 282. Two adjustable brackets are placed on each card carrier' 
E, the object of these being to provide accommodation for cards of different 
widths, say the usual 400’s, 500’s and 600’s jacquard cards. These adjust- 
able guides S are shown diagrammatically in Figs. 280 to 282, but the 
method of adjustment is shown only in one of each pair in the plan view, 
Fig. 279. The lock-nuts and screw T, in conjunction with the lug E^ 
on the card carrier E, and similar parts a little farther on the latter, but 
not illustrated in the figure, enable the attendant to move the guides S 
on the same card carrier R nearer to or farther from each other, and thus 
accommodate cards of various widths. On the upper end of each arm 

is a plate U, Fig. 277, the upper end of which projects above the surface 
of the card carrier R as shown. 

The cards V, as already mentioned, are placed in the wooden tray W, 
Fig. 278, on the top of the machine with the numbers of the cards on the 
left-hand side of the card. In many cases the numbering is left until the 
lacing operation, or at least until the peg- and lace-holes have been cut ; 
when this is adopted — and it is probably the best way for many reasons — 
it is a common practice to apply a strip of paint on the long edges of the 
cards and near to the end which will ultimately receive the numbers, so 
that the correct position of the cards will be maintained during the operation 
of lacing. An extra punch in the machine to cut a recess near the end 
of each card, or a small bit removed when the cards are being made, will 
answer the same purpose. 

As the operation of punching proceeds, the cards are taken singly and 
successively from the })ile and placed with the ends of the card resting 
on the bases of the two fixed guides X, and the middle of the card resting 
on the support Y, Figs. 278 and 279. The two guides Z, which are fixed 
to the two side frames D as shown, fix the lateral position of the card. 
The fixed guides X are provided with adjustable parts for different widths 
of cards,, and when these parts are placed in their proper positions they 
are secured there by the set-screws 2, Fig. 278. t 

The card may be placed in the fixed guides X and Z, Fig. 278, at any 
convenient time, but it is usually placed there when the arms K and 
are in or nearing the extreme right-hand position. Figs. 277, 278, 279, 
281 and 282. If the card is entered when the arms K and are on the 
extreme right, it will drop into both the fixed guides X, and into the guide 
3 of the card carrier R ; but if it is entered rbefore this time it will drop 
only into the fixed guides X, and as the arms K approach the extreme 
outward position, the inclined portion of the guides S will slip under the 
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card, atd ultimately allow the latter to drop over the inner edge of the 
guide S and into its correct position in the guide 3. 

During the time that the shaft C and the cam G move from the position 
illustrated in Fig. 281 to that in Fig. 280, the arms K and and the 
card carrier R will move from the extreme right-hand position to the 
extreme left-hand position. And just before this movement is completed 
the eccentrics F, Figs. 278, will commence to «raise the punching block H, 



Fig. 279. 


and the card in the guide 5 will then, of course, be in the position for being 
punched as shown in Fig. 280. 

The three sections 4, 5, and 6 of the block H, Fig. 278, raise the card 
until the latter comes into contact with the clearing plate 7, the lower 
surfaces of which coincide with the upper surfaces of the three sections 
, 4, 5, and 6 of the block H ; the further upward movement of the block H 
carries the clearing plate 7 with it, and the latter therefore compresses 
the two springs 8 which encircle the pins attached to the clearing plate. 
The card caitiers R move to and fro in the gaps between 4 and 5 and 
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between 5 and 6. The peg-hole punches 9 and the lace-hole punches 10 
have the usual-shaped heads as shown in Fig. 282, and are supported 
by thfe upper plate 11, while three bars 12 pass through slots in the plate 11 
and cover the heads of the three rows of punches 9 and 10. 

Now, when the block H is in the highest position all the peg- and 
lace-holes punches will have passed through the card V as indicated in 
Figs. 281 and 282, and when the block commences to descend, the card 
carriers R will have moved back to the original position indicated also in 
Fig. 281, with the card V immediately over the inner guide 13. At a 
certain time — indicated in a table to follow — the punching block H shows 



a tendency to leave the clearing plate 7 ; at this time, or immediately ^ 
after, the compressed springs 8 force the clearing plate 7 downwards, 
and thu» the latter pushes the card from the ends of the punches 9 and 
10 into the inner guide 13. It is about this t^me that another card will 
be placed in the outer guide 3, after which the card carrier R will move 
forward again to the position indicated in Fig. 280, and there will then 
evidently be a card in each guide 3 and 13. 

The punched card in guide 13 is removed from the guide and the carrier 
R in a unique yet simple manner. The operation is illustrated in Fig. 282. 
From what has been said it will be gathered •that lifter the block H rises 
and the two cards are in the positions indicated in Fig. 280, the right-hand 
card will be carried upwards by the block H, and will remaiii on the ends ^ 
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of the punches 9 and 10 until the card carrier K moves to the position 
shown in Fig. 281. But meanwhile it is necessary to dispose of the card 
marked in the inner guide 13, Fig. 280. As the arms K and and 
the card carrier K move to the right, the card will be taken in the same 
direction until the right-hand long edge of the card comes into contact 
with the left-hand side of the frame D. The card is then arrested, but 
the card carriers R, with their guides, continue. their journey to the right ; 
while this latter part of the movement is taking place, the left-hand long 
edge of the card ascends the slopes of the plates U, Fig. 282, until the 
• centre of gravity of the card passes to the left of the ridge of U, when the 



card tilts as indicated by the dotted position, and finally drops on to 
the curved guide 14 and against the sliding brackets 15, if this is the first 
card, or else joins those cards which have already been punched ^ as indi- 
cated by V^. These brackets 15 are held lightly in position by weak 
springs and bolts 16, Figs. 277 and 282, while the two plates 17 have 
slots 18, Fig. 279, in which the bolts 16 slide, along with the guides 15, 
as the cards accumulate. Each time the arms reach the extreme left- 
ha^d position they enter the slots 19, Figs. 279 and 280, lettered only in 
the former, and push the ckrds V* and the brackets 15 to the left and 
through a distance equal to the thickness of the card : the arm is shown 
in contact with the last card in Fig. 280. Fig. 277 shows two cards on the 
Ijplates 17, Fig. 280 shows three cards, while several cards are indicated 
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to be in position in Fig. 282, although the first four and the last four only 
are drawn. The plates 17 are fixed to the plates P, Fig. 279, and the 
latter are in turn fixed to the projecting arms 20 of the frame D, Fig. 277. 

The three plates 12 which cover the heads of the peg- and lace-hole 
punches 9 and 10, and the upper block 11, are reproduced in position in 
the plan view, Fig. 283, while detached views of the plates on a much larger 
scale appear in Fig. 284. Each plate has three recesses as shown, so that 
it is possible to cut cards for 400’s, 500’s, and 600’s jacquards without 



Fig. 283. 


removing the punches. Thus, with four lace-hole punches in each row 
in the plates, and one peg-hole punch at each end, the plates would be 
placed so that the 2nd and 3rd lace-hole punches would be operated for 
400’s or 8-row cards, and while the operation of punching was proceeding, 
the 1st and 4th punches in each row would rise in two of the three slots 
and have no effect on the cards. The jiunches indicated by the dotted 
circles in the left-hand enlarged plate 12, Fig. 284, would therefore punch 


10 



Fig. 284. 


the required holes, as indicated by part of a 400’s card immediately below 
the plate 12. 

With the plate 12 in the other position on the right — that is, with lace- 
hole punches Nos. 2 and 3 under the slots— the punches Nos. 1 and 4, 
shown by dotted circles, would act on the card ; this arrangement would 
do for 10-row or 12-row machines — 500 ’b or GOO’s jacquards — as exempli- 
fied by the 10-row and 12-row cards respectively. 

It will be evident that the lace-holes for the 12-row card are in the 
3rd position from each end, but, as already ‘stated, this position of the 
holes has a tendency to increase the life of the jaoquard card. In some 
card-cutting rooms the plates 12 are turned through 180°, and the same 
lace-hole punches used for all cards ; in this case it is obvwus that the 
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positioif of the lace-holes, being constant with regard to the 'peg-hole, 
would be as follows : 

For 400’8 or 8-row cards : the 2nd hole from each side. 

„ 500’s or 10-row „ „ 3rd „ „ 

„ 600’s or 12-row „ „ 4th „ „ 

The positions of the holes for the 600’s cards are, if anything, then too far 
from the long edges of the card. • 

In order to supply the approximate times when the various operations 
take i)lace, we might take as our starting-point in the cycle of operations 
that moment when the arms K and commence to move to the left in 
the line drawings, and to the right when viewed from the balance-wheel 
end illustrated in Fig. 276. We have chosen the latter view because 
the direction of motion is clockwise when observed from this end of the 
machine. The particulars appear in Table XIL 

Table XII 

At 360° or 0° : tht* arm K is full out at the feed side, and is just commencing to move 
forward with the card. 

At 110°: the arm K is full in with the guide 3 of the card carrier R and the card 
V under the punches. 

At 180° : the arm K begins to move out again. 

At 270° : the arm K is full out, and remains out until 360°. 

At 90° : the blo(jk H commences to rise. 

At 120° : the block H reaches the clearing plate 7. 

At 220° : the block H and the clearing plate 7 are in their highest positions. 

At 270° : the block H and the clearing plate 7 commence to move downwards. 

At 320° : the block H leaves the clearing plate 7. 

At 360° : the block H is in its lowest position. 

About 0° : a card V is fed into the guide 3 of the ca^d carrier R. 

At 110° : the card V is under the punches. 

At 115° : the card V, moving upward with the block H, reaches the clearing plate 7. 
At 200° : the holes are cut in the card V. 

At 345° : the card V is forced off the end of the punches by the clearing plate 7, and 
drops into the guide 13 of the card carrier R. 

At 345° to 360° : another card is fed into the guide 3. 

• 

At 110° : the newly inserted card has been carried under the punches in guide 3, and 
the first card is now in guide 13 with the long edge of the card close to the plates 

U. 

At 200° : while the arms of K and are moving outwards, the rear edge of the 
,, card in guide 13 comes into contact with the frame or block, and the continued 
movement of the arms causes the front edge of the card to mount to the ridges 
of the plates U. 

At 225° : the card is on ihc top of the ridge of U, and read; for tilting. 

At 240° : the card drops on to the curves of the arms 15, and immediately joins those 
which preceded it to form the group as illustrated in Fig. 282. 
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It wilTtlius be seen that in each cycle there are three cards m the liiachine - 
if the cards are fed in as illustrated in Fig. 282 ; if they are fed in later, 
the back card will, of course, have joined the group on the plates 17. 

A third type of peg- and lace-hole machine, also provided with a clearing , 
plate somewhat similar to that illustrated in Fig 269, and in the machine 
illustrated in Figs. 276 to 284, and embodying the general type of actual 
punching blocks and punches, is fitted with a cylinder at the feed side and 
a similar cylinder at the delivery side. A series of metal cards formed 
into an endless chain passes over these two cylinders, and thus bridges the 
gap between them. The ordinary cards to be cut are fed by hand on to 
these metal cards at the first cylinder, and the metal cards carry the blank 
cards forward successively between the punching plates and under the 
punches where the peg- and lace-holes are cut ; finally the cards are dropped 
from the delivery cylinder into a conveniently placed box immediately 
under the cylinder. 



CHAPTER XVI 

AUTOMATIC PEG- AND LACE-HOLE MACHINES SEPARATE AND 
COMBINED WITH LACING MECHANISM 

Fig. 285 illustrates an automatic peg- and lace-hole machine in which 
the cards are stacked in a pile inside a magazine, as clearly shown. 
The method of driving 
the punching block is by 
means of eccentrics, and 
the cards are fed into 
the machine by suitable 
carriers, which select the 
cards singly and success- 
ively from the bottom of 
the pile and i)lace them 
under the punches. After 
they are punched the cards 
are withdrawn from the 
punching blocks and de- 
posited into another pile at 
the delivery side as indi- 
cated immediately behind 
the right-hand eccentric. 

Although there may be 
some advantages in the 
automatic machine over 
that of the hand - fed 
machine, the chief advan- 
tage of an automatic peg- 
and lace - hole machine * Fio- 285 . 

results when such a machine 

can be used successfully in conjunction with a card-lacing machine. 
A photographic reproduction of a combined peg- and lace-hole cutter 
; 313 
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and lacing machine appears in Fig. 286. It is made by Messrs, ifohh T. 
Hardaker, Ltd., Bowling Ironworks, Bradford, and consists of the two 



Fig. 286. 


machines arranged in tandem. The peg- an*d lace-hole cutter is in the 
foreground, while the lacer, which is identical with the one already 
fully illustrated and described in Chapter XIII., is at the back. 
The view is taken from the pulley side of the lacing machine, and 
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The meckanism of the automatic peg- and lace-hole machine, and the 
method by means of which it is driven from the lacing machine, are dis- 
played in the line drawings, Figs. 287 to 295. 

On the cam-shaft R of the lacing machine illustrated in Figs. 215 to , 
236 is placed a sprocket-wheel of 60 teeth, and this wheel drives by means 
of a chain a sprocket-wheel of 20 teeth on a stud bolted to the framework 
of the automatic peg- and lace-hole cutter. This latter sprocket-wheel is 



shown at A in Figs. 287, 288, and 289. The first 6f these three illustrations 
is an elevation of the feed side, the second is an elevation of the delivery 
side, and the third is a plan. On the same stud B which carries the sprocket- 
wheel A is a pinion C of 30 teeth, and a balance-wheel D. The pinion C 
drives a wheel E of 90 teeth on the main shaft F of the machine. In this 
way the automatic peg- and lace-hole cutter is driven from, and in unison 
with, the lacing machine. 

The elevation of the balance-wheel end of the peg- and lace-hole machine 
is illustrated in Figs. 290 and 291, while Fig. 292 illustrates ‘part of the 
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clevatton of the delivery side. The method by means of which 'the actual 
punching takes place is similar to that of the machines already described ; 
the unique feature of this machine is that of working in conjimction with 
the lacing machines. 

On the main shaft F are two eccentrics G — one near each side frame as 
shown in Fig. 288. These operate on the underside and in the recessed ^ 
part of forks H, Fig. 291, and through these, on the lower punching block 
J, Fig. 288, which extends between the two forks H. The upper part of 
this punching block J contains three sections, as shown in the latter figtlre. 



the two end sections being immediately under the peg-hole punches K 
and the end lace-hole punches L ; while the centre section is .under the 
central lacing j)unches L.» The underside of the clearing plate M is shaped 
to correspond, and is provided with the usual springs N, Fig. 292, to force it 
down and to force the cards off the ends of the punches at the proper time. 
In Fig. 290 four lace-hole punches are shown, and their positions are also 
indicated in the plan view in Fig. 289. These may be arranged to operate 
on the cards in a method ^mewhat similar to that already illustrated in 
Figs. 283 and 284, anctdesciibed in connection with the “ Ayrton ’ machine. 

The stack of cards is situated in the box 0, Figs. 287 and 290, and the 
cards are pushed out singly and successively, and under the punches L 
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and K by tbe action of a box-cam P on the main shaft F, Fig. 290, anti- 
friction bowl lever Q attached to the short lever R on the shaft S, the two 
arms T (see Fig. 287), and subsequent connections to be described and 
illustrated shortly. 

It will be understood that as the shaft F and box-cam P rotate, the 
arm Q will, through lever R, cause the shaft S to oscillate, and thus cause 
\he two long arms T to mqye between the limits indicated by the dotted 
lines. Figs. 290 and 291. The upper ends of the levers T are connected to 
the brackets U — shown best in Figs. 289 and 290— and to the latter are 
bolted two adjustable brackets V, the ends of which support the rod W. 

In connection with the further description, the sheet of details illus- 



trated in Fig. 293 should be consulted along with Figs. 289, 290, 291 , and 
292. Set-screwed to the rod W are two j)lates X, the shape of each of 
which is indicated in the lower detached figure in Fig. 293. To the under- 
side of e%ch plate X is riveted a shorter spring j)late Y, the end of which 
is fixed to a pushing plate Z, while attached to the underside of the spring 
plate Y is a short rod 2 so arranged that its ends 3, shown in solid black, 
can pass under the plates 4 in a way to be explained immediately. (A wide 
plate is sometimes used as suggested in the upper view in Fig. 293 and in 
Fig. 286.). 

Let the cycle of operations start with the lever T, Fig. 290, in the full 
back position as indicated ; then the rod W a^d the plate X will be in the 
positions shown in the lower drawing in Fig. 293, where a number of cards 
5 are shown in the magazine 0. For the sake of clearness wa may assume 
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that thire is a card 5^ under the punches as depicted in the latter drawing 
and in Fig. 290. 

When the levers T move clockwise from the balance-wheel end, it is 




clear that the two pl^es X.will move to the right, and in doing so, one of 
the cards 5 in Fig. 293 will be carried from under tue pile in the magazine 
by the notch on plate X j at the same time, the part Z, attached to the 
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spring ’Y, will push the card 6^ in the same direction until the tvfo cards 
occupy the positions represented in the upper elevation. Then the levers 
T will be in the full forward position as shown in Fig. 291, the rear card will 
be under the punches K and L, and the front card will have been forced 
between the grips 6 of the card feeder 7, fulcrumed at 8, and into the dotted 
position in Fig. 290. 

While the machine is pynching the holes in the card, and the levers T 
and the plates X are returning to their original position, the card 5^ Fig. 
291, has to be transferred from this place to the pegs of the chains of the 
card-lacing machine. This operation is performed by the mechanism 
illustrated in Fig. 290. A cam 9, shown stippled, operates on an anti- 
friction roller 10, and moves the rod 11 in slide 12. The lower end of the 
lever 13, fulcrumed at 14, is attached to the end of rod 11, while its upper 
end is attached to the rack rod 15, which is capable of being moved in 
slide 16. The teeth of the wheel 17 on the shaft 8, and midway between 
the card feeders 7, are in gear with the teeth of the rack 15 ; hence, as the 
main shaft F rotates, the cam 9 and subsequent mechanism will cause the 
ends of the card feeders 7 to move in a semi-circular path 18, from the 
inner position — that indicated by the dotted lines of a card— to the outer 
position, as shown by the card feeder, while the spring 19 will cause the 
card feeder to return in proportion as the cam 9 presents its decreasing 
thickness to the anti-friction bowl 10. 

It will, of course, be understood that the cam 9 must be set so that the 
grips 6 of the card feeder 7 will be in the position indicated in Fig. 291 just 
before the card 5^ reaches the mouth of the grips 6, and that the action of 
the rack 15 will cause the card feeders to complete their semi-circular 
movement at the proper time in order that the card may be deposited 
safely on the pegs of the chains of the card lacer, and then be withdrawn 
from the grips 6 by the movement of the said chains before the return 
journey of the card feeders is commenced. The dwell on the thick portion 
of the cam is for the latter purpose. 

After each card has, in succession, been pushed from under the punches 
K and Lynto the grips 6 of the card feeders 7 by the parts Z, Figs. 291 and 
293, it is necessary that in the return journey oj the part Z, the latter shall 
pass under the new card 5 which has just been placed under the punches. 
The method by means of which this is accomplished will be seen from the 
three lower figures in Fig. 293. The arrow 20 in the upper figure shows 
that the parts have been moving, or at present are being moved, to the 
right; as a matter of fact, the plan view immediately above shows that the 
forward movement is complete because the card 5^ is in the grips 6. In the 
middle figure of the three elevations the grips 6, cut short, and the card 
feeder are moving clockwise, and the plate X with its complement is 
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moving ^backwards, as indicated by the arrow 21. Soon after these parts 
commence to move backwards, the ends 3 of parts 2 are compelled to follow 
the path on the underside of the flat springs 22 until the ends 3 reach and 
pass the end of the plate 23, when the spring Y carries the pushing part Z 
into the active position ; the arrow 24 in the lower illustration in Fig. 293 


Fig. 294. Fig. 295. 

shows that this action has just been completed, and that the part Z is 
again in position for pushing a card from under the punches K and L into 
the grips 6 of the card feeders 7. Each time the parts move forward the 
ends 3 extend the spring 22 
from the upper side in order 
to enable them to reach the 
full forward position. 

Figs. 294 and 295 are 
sections of the parts near 
the active end of plate X. 

The former shows the end 
of plate X and the pusher Z 
when viewed from the right- 
hand side in Fig. 293 ; while 
Fig. 295 shows the ends 3 
(Fig. 293) of the rod 2 in 
the race which guides them 
when the parts are moving 
to the left and underneath 
the new card which has 
just been placed under the 
punches of the machine. • 

It should be mentioned Fig. 296. 

that parts are made to 

meet the necessary requirement involved with cards of different 
widths. 

Although it is rather diihcult to obtain any particular information 
regarding the actual structure of machines made in other countries, and 
used for similar purposes, it is interesting and instructive to note the 
difference in appearance between foreign and home machines. The 

V 
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reader, fiowever, will laiow by this time the general characteristics and 
requirements of peg- and lace-hole machines, as well as of lacing machines, 
from the foregoing fully illustrated examples, and will therefore be able 
to form a good idea of the other less fully illustrated types which we now 
introduce. 

An American automatic peg- and lace-hole machine is illustrated in 
Fig. 296. It is obviously of substantial construction, and the lower part 
or table support is on three legs. The cards are fed as usual between the 

vertical guides of the maga- 
zine A, which holds from 
500 to 600 cards. A recip- 
rocating feeder, fulcrumed 
on the shaft B, withdraws 
the bottom card from the 
pile and carries it to the 
punching blocks, where the 
])eg- and lace-holes are cut 
in a very similar manner to 
that already illustrated and 
described. The card is then 
ejected from between the 
punching blocks to join 
those at C, which have 
been treated previously in 
precisely the same wsly. 
As in other machines for 
the same class of work, 
provision is made for both 
400’s and GOO’s cards. 

The cards C may then be 
taken to the inclined stand 
of the hand-feed lock-stitch 
lacer illustrated in Fig. 297, 
or be laced by hand. The lacing mechanism ^f the machine in Fig. 297 
is identical with that of the automatic lock-stitch lacer illustrated in 
Fig. 298. The cards in the card-guide or magazine A are operated as in 
Fig. 296, and the peg- and lace-holes cut by very similar mechanism ; 
but, as the title of the machine indicates, the cut cards are fed auto- 
• matically, and direct connection between the batting and lacing mechanism 
obtains, so that the cards may be placed mechanioally on the pegs of the 
sprocket-chains of the lacing section. The type of lacing, and the manner 
in which it is performed, are of the same nature as those of the “ Singer ” 



Fig. 297. 




and “ feapid ” machines, where a series of vertical needles above the cards 
work in conjunction with 
a corresponding number ^ 


of reciprocating shuttles 
below the cards. The 
lacing twine comes from 
the balls D or from spools 
or bobbins, and the cards 
are delivered as exemi)li- 
fied at E. 

Fig. 299 illustrates 
an automatic peg- and 
lace-hole machine and a 
lacing machine working 
together, with a handy 
form of card truck F 
upon which the laced 
cards may be arranged 
as F.hown, and by which 
tliey may be taken to the 



loom. The same ty})e of 
magazine A is used, but 


the stitching mechanism differs from the others in that the lacing is not of 
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although having a tendency to ravel or run back, enables the machine 
to run at a higher speed than the lock-stitch type. No shuttles are required 
in machines with a loop-stitch, and the lacing twine in this case is supplied 
from the bottle-shaped bobbins G placed on the floor. It is claimed that 
40 to 50 cards per minute can be fed into and laced by this machine. 

The function of the peg- and lace-hole machine, as already stated, and 
as indicated by the name, isH first, to cut the required number of lace-holes 
in each card so that the necessary number of cards can be formed into a 
chain ; and, second, to cut the peg-holes so that these may drop over the 
pegs of the card-repeating machine, and finally on to the pegs of the jacquard 
cylinder on the loom. The introduction of the peg- and lace-hole machine 
and the companion machine — the card repeater — is for the sake of pro- 
duction when two or more sets of identical cards are to be prepared for 
a similar number of looms engaged in weaving the same design concurrently. 
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In connection with nearly all schemes of repeating mechanism for jacquard 
cards, it is the practice to 
prepare the cards with the 
peg-holes and lace-holes by 
means of some type of peg- 
and lace-hole machine as 
already demonstrated in 
Chapters XV and XVI. The 
peg-holes are utilised as 
guides during the cutting 
of the pattern holes in the 
repeating machine, and also 
serve the purpose of guiding 
and holding the cards in 
position on the cylinder of 
the jacquard during the 
operation of weaving. 

There are two peg-holes 
near each end of the cards 
used for Brussels and Wilton 
carpet weaving, but in nearly 
all other British systems 
there is only one peg-hole 
near each end of i^he cand. 

In an American system, as 
practised by Messrs. John 
Royle & Sons, Paterson, 

N.J., two peg-holes are tiut^ 
at each end of the card in the 
peg- and lace-hole machine ; 
these four holes serve only as 
guides for the cards during 
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their passage through the repeating machine ; a third peg-hole, hdwever, 
is cut between the above-mentioned two holes, in the repeating machine, at 
the same time that the holes for the pattern are being cut. This middle 
hole is intended for use witli the pegs on the jacquard card cylinder. In 
this way, the peg and pattern holes are made with absolute accuracy, and 
^ there is less danger of the peg-hole being damaged in the repeating machine 
than there is by the usual jiiethod. The ordinary arrangement of cards 
with a single peg-hole is shown in the upper part of Fig. 300, while the 
cards with the three peg-holes are shown in the lower part of the same 
illustration. The figure also illustrates two distinct types of lacing. 

Whatever method of preparation is ado])ted, it will be understood that 

the cards must be numbered 
consecutively — if all the cards 
are in one set — for the guid- 
ance of the weaver and 
others during the operation of 
weaving. There are different 
methods adopted for inserting 
the numbers on the card. The 
numbers arc often written in 
ink on the ends of the cards 
prior to the operation of 
lacing. At other times they 
are printed on tlie cards by a 
hand - operated numbering 
machine. A series of mov- 
able or rotatable rings of 
numbers are accommodated 
in a swivelling frame situated 
in the outside frame, and attached to and operated by a sliding block. 
The downward pressure of the block causes the swivelling frame to move 
downwards and make half a revolution in order to bring the numbers in 
contact with the card. As the block moves uj)wards under sj)ring ])re8- 
sure, the swivelling frame rotates back through ihalf a revolution to place 
the numbers upwards and to bring them into contact with the inking pad. 
In the upward movement, the type for the number just impressed upon 
a card is replaced by the next higher number, so that the impressions may 
appear consecutively on the cards. The unit ring of numbers moves one 
division each time, while tlie tens and hundreds fings move proportionately. 

In the American system just mentioned, a ^milar numbering machine 
is fitted to the framework of the repeating machine, as illustrated in Fig, 
301-. The block of the numbering machine moves automaticaUy in unison 
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with tie rising and falling of the repeater, and in unison with the cards 
as they leave the cutting blocks of the repeater. The illustration in 
Fig. 301 shows that cards for No. 30 and No. 31 have already been printed, 
and that card No. 32 will be printed next. The whole apparatus is made 
to swivel BO that it may be moved by hand through 90 degrees with 



Fig. 302. 


respect to the actual parts of the repeater (the faint part of the illustra- 
tion) ; this provision is essential or desirable to enable the attendant to 
set it ’to zero when startii>g*to repeat a new set of cards, or to adjust it 
to any other number, if any irregularity occurs in connection with the 
repeating machine and the numbering apparatus. Eepeating machines ’ 
are made tq suit the various pitches. 
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CHAP. 


CoARSE-PiTCH Kepeating MACHINES! — As in other types of mkchines, 
there are different makes of repeaters, each one of which possesses its own 
advantages, and probably its own peculiarities. The first machine which 
we shall illustrate is the card repeater made by Messrs. Devoge & Co., 
Limited, Manchester. A general view of this machine, as seen from 
the feed end and driving side, appears in Fig. 302. A line 
drawing of the pulley or ^driving side of the machine is illus- 
trated in Fig. 303 ; Fig. 304 is a lithographic reproduction of 
the opposite side of the machine and the delivery end ; while 
details of some of the mechanism ^ 

appear in Fig. 305. ^ 

The machine illustrated in Fig. p 

302 is shown to be driven from ‘a line / ^ 

shaft near the roof, and the balance- / 

or hand- wheel C is immediately behind >X\ 

the fast and loose pulleys A and B. Xv 

In the machine illustrated by the line B 

drawings the drive is from an under- 

ground shaft, and the balance- or vX. 

hand-wheel C is behind the spur- \ xX 

wheel D, but both are carried by the 

shaft E. The latter extends across V~M j 

the machine, is supported by bearings \ I 

in the main side frames F, while the \ 

overhanging end at the driving side \ 

is supported by the auxiliary frame \ 

H. The spur-wheel D communicates \ 

the motion to the larger spur-wheel \ I 

J, the direction of rotatK)n of \ 

both wheels being indicated by the \ 


The large wheel J is on the heavy \ I 

main shaft K of the machine; this 1 \l^* 

shaft also extends to the opposite i I 

frame, and indeed projects a little 

outside the frame in order that it may carry the box-cam L for the 
jacquard. 

The cards which have been cut in the piano machine from the actual 
design, and subsequently laced by any of tfle methods enumerated, are 


first brought to the repeating machine and suspended on the card cradle 
M, Fig. 303. This cradle is supported by two rails N fixed to the main 
frames F of the repeater. Adjustable bars 0 serve to hold the rollers P, 




Figs. 306 and 307, oper^es the anti-friction bowl on the bracket U, 
and therefore the lever V fulcrumed at W. The connecting-rod X joins 
the end of ijie lever V to the lifting lever Y fulcrumed on the rod Z 



CHAP. 


38(f ' JACQUARDS AND HARNESSES 

of the jacquard. (Parts U to Y are omitted in Fig. 303 in brdet not to ' 
complicate the view from the driving side.) Two shorter levers 2, als6 
fixed to rod Z, serve to raise and lower the grifie 5 as required through 
the medium of the pendent arm 3 and the projecting stud 4. The 
concentric slot in the pendent arm 3 operates the bell-crank lever 6 
fulcrumed at 7 ; and since the upper end of this lever is attached to the 
bar 8, and the bar attached to the batten 9 of the cylinder S, it follows 
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that the desired to-and-fro motion of the cylinder S will result as the box- 
cam L rotates. 

The usual complement of 612 needles and 612 hooks is provided, and 
they are arranged as indicated in Figs. 303 and 306. There are 612 harness 
cords 10 attached to the bottom bends of hooks, and the cords pass 
through a suitably drilled board 11, while tl^eir bwer ends are tied to 
612 lingoes 12, all of which are kept within the prescribed area by the 
box 13. , 
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A further set of 612 harness cords 14, twelve only of which are shown 
in Figs. 303 and 306, are attached at 15 to the vertical harness cords 10. 
The cords 14 pass obliquely upwards to the rollers 16 of the frame 17. 
The rollers 16 are kept apart by the grid 18, Fig. 307, and the cords 14 
pass over the top of the rollers and downwards to the punches 19 ; each 
cord has its own roller 16. All the 612 rollers are displayed in Fig. 307, 
but the bottom row only of 51 shows the cojiis passing over them and 
then down to the corresponding 51 punches. 

Figs. 308, 309, and 310 should now be consulted in conjunction with 
Figs. 303 to 307. Fig. 308 is partly a 
sectional view of the central part of 
the repeater, while Figs. 309 and 310 
also represent sections of the same 
mechanism, but the parts in these 
two illustrations are drawn twice the 
size of the corresponding parts in the 
remainder of the illustrations. 

It is not difficult to see that when 
the box-cam L, Fig. 306, is in the 
position shown, the griffe 5 will be in 
its highest position, and the cylinder 
S full out as indicated there, and also 
in Figs, 303 and 308. It is also clear 
that when the box-cam L has moved 
half - way round, to the position 
indicated in Fig. 304, the griffe will 
be down, and the cylinder S with its 
card in close contact with the needle 
board of the jacquard. The latter 
position is, naturally, that in which 
the selection of the needles takes place 
according to the positions of the 
holes and blanks of the card. In Figs. 303, 306, and 308 it is assumed 
that the selection has ju^t been made, and that subsequently half a 
revolution of the shaft K has been made to place the parts in the positions 
, illustrated. 

Now it is obvious that those hooks of the jacquard which are lifted will 
in turn have lifted the corresponding harness cords 10 and lingoes 12. This 
upward movement of certaih cords 10 would slacken correspondingly the 
attached oblique cordstl4 ;* and if the weighted punches 19 were free to 
descend, it follows that the slackened cords 14 would permit of the 
downward movement of certain punches 19. The harness cords 10 in 
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Fig. 307. 
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Figs. 303, 306, and 308 may be taken to represent three distinci! rows of 
12, and an examination of the knots 15 will show that the orders are as 
shown in Table XIII. 

The movements of the punches 19 will, of course, be in the 0})p6site 

direction — i.e. down- 
ward — to those of the 
oblique harness cords 
to which they are 
attached : the reason 
for this will be ex- 
plained shortly. The 
resulting positions of 
the punches 19 are 
shown only in Figs. 
30G and 308, and in the 
enlarged illustration in 
Fig. 310. 

There are two con- 
ditions necessary with 
regard to the manipula- 
tion of the punches 19 
in the punch box 20 : 
First, there must be 
provision for a free 
vertical movement on 
the part of every punch 
19, so that when any 
of the jacquard hooks 
are raised the corre- 
sponding punches 19 
may descend with ease 
to their lowest position ; 
and, second, each punch, 
which has descended, 
in virtue of a rising 
jacquard hook, must 
be held securely in the 

new position until the operation of punching the card is completed. The 
method by means of which these two eVential conditions are ful- 
filled will be described and illustrated shortly • in*the meantime, we are 
at liberty to assume that such conditions are satisfactorily achieved by 
the nature and movement of the mechanism involved. , 
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Table XIII. 



Hooka. 

Fig. 303. 

Fig. 306. 

Fig. 308. 


1 

up 

up 

up 


2 


down 

>* 

•S fe 

3 

down 

up 


•3 § • 

4 

„ 


down 

w 44 aJ 

44 O ro 

5 

up 


up 

O 0 c 

2 a 

G 


„ 

*• 

^ b* 

7 


down 


o d o 

8 

down 

up 


i . 

i ^ 

p 

9 


down 

10 

11 

up 

” 1 

99 

up 

99 

A ^ 

12 

down 

down 

99 


The cards containing the peg- and lace-holes only, and in a chain form, 
have to be punched exactly as are those marked Q in Fig. 303, which, as 
already stated, have been punched from the design. The cards to be 
duplicated, of which thirteen from the chain are shown at 21 in Fig. 308, 
are arranged as shown ; five of 
the cards bridge the gap between 
the two repeating cylinders 22 
and 23, while four are hanging 
down at each side, and the arrows 
indicate the direction which the 
cards follow during the operation. 

The middle card 24 is shown on 
the lower punching block 25, 
which is secured to the block 
carrier 26. Two recesses in the 
block carrier 26, Fig. 307, serve 
to accommodate two anti-friction 
bowls 27 which rotate on the 
shaft 28, Figs. 307 to 310. Two 
large discs 29, set ecceijbrically 
on the heavy main shaft K, 
impart the necessary upward movement to the anti-friction bowls 27, 
and therefore to the block carrier 26 and lower punching block 25 ; the 
blocks descend by gravitation. 

In Fig. 308 the eccentri«S 29 are in the lowest position ; half a revolu- 
tion will enable them ito r^ise the block carrier 26, block 25, and card 24 
to the highest position. An upward movement of about If in. to 2 in. 
carries the card into close contact with the clearing plate 30, while a further 
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upward movement of J in. will carry the clearing plate 30 to its ‘Highest 
position, and at the same time will cause the brass sliding punch box 20^ to 
slide I in. into the punch block 20 (punch box 20^ shown more clearly later). 
When this movement is complete, the blocks 20^, 26, card 24, and clear- 
ing plate 30 will be in their highest positions, as indicated in Figs. 309 and 
310; and if the dropped punches 19 have remained stationary, the card 24 
will have been raised above the plane of these punches, and hence holes 
will appear in the card opposite the ends of the depressed punches. The 
hoJes in the card 24, through which the ends of the punches 19 have entered 
by punching, will correspond exactly with the holes in the card which 

operated the needles and 
hooks of the jacquard. 

It will thus be seen that 
when a card from the chain 
Q in Fig. 303 is presented to 
the needles of the jacquard, 
all needles opposite the holes 
will remain undisturbed, the 
corresponding hooks will be 
raised, and simultaneously 
the same number and order 
of punches 19 will be free to 
descend to the low'est posi- 
tion ; then when the block 
25 is raised, all the depressed 
punches will pass through 
the cards — or, rather, the 
card will be forced past the . 
ends of the punches — and 
hence a complete card is punched with every revolution of the main 
shaft K. 

Before leaving Figs. 308 to 310 we might show what provision is made 
for repeating the two distinct widths of cards, 8-row and 12-row. In 
Fig. 308 there are five cards in the stretch between and including the 
cylinders 22 and 23 ; there are also five cards in the corresponding positions 
in Fig. 310. In both figures the cards are 12-row or 600’s. In Fig. 309 
there are seven cards on the stretch, and these are 8-row or 400’s cards. 
Two cylinder supports 31, Fig. 310, are provided for each repeater cylinder 
22 and 23. These supports or blocks 31 cat be adjusted vertically by 
means of the studs 32 in the supporting brackets 33 jwhich are fixed to the 
central rail of the side frame, as ghown clearly in Figs. 302 and 303. When 
the 600’s cylinders and cards are in use, the pins or studs 34 of the cylinders 
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are entered into the deep slots of the supports 31, as illustrated in Fig. 310 ; 
but when 400’s cards have to be repeated, the studs of the cylinders are 
entered into the shallow slots 35, as 
depicted in the single cylinder support 
in Fig. 309 ; the support for the right 
in this figure has not been drawn. 




Fig. 311. 
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When 400’s cards are being repeated, it 
is evident that four rows of needles 
and hooks of the jacquard must be in- 
operative. Two long rows of needles 
at the top of the needle board in the 
jacquard, and two rows at the bottom, 
are pressed back and held there by 
plates, so that the corresponding hooks 
will remain down and the middle eight 
rows be operated. 

After each card has been cut, and as 
the block is descending, the hooks of the 
upright jacquard catches are caused to 
come into contact with the lanterns on 
the ends of the repeating cylinders 22 
and 23, and thus the two cylinders are 
simultaneously turned one-quarter of a 
revolution so as to bring the cards suc- 
cessively into position under the punches 
19. The repeating cylinders are not per- 
forated on each face like tk^ jacquard 
cylinders, but otherwise, the structure of the two kjnds is the same. The 
shafts of the hammers 36 of the repeating cylijiders 22 and 23, Figs. 
309 and 31(i, pass through holes in the projecting parts 37 of the 
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bracket 33, and spiral springs 38, with a pin through the hammer shaft, 
act in the usual way to prevent undue vibration on the part of the 
cylinders. 

Figs. 311 to 316 illustrate the movements of the punches 19 and the 
method by which they are kept in their positions during the operation 
of punching. Fig. 311 is a sectional elevation of the punch blocks 20 
"and 20^ and the clearing plate 30, with one short row of 12 punches 
in the inoj)erative position— that is, in the highest position when the card 
on the cylinder S of the jacquard is making 
its selection. The upper part of Fig. 312 is a 
sectional view of the cutting plate 25 and the 
two sides of the block 26 ; while the lower 
part of Fig. 312 shows a plan view of part of 
the cutting block 25 and part of the block 26. 
Fig. 313 illustrates four punches 19 out of the 
long row of 51 (there are really 53 punches in 
a long row), while Fig. 314 shows that two out 
of the same four punches have been lowered as 
already explained. (See the small squares 
under Figs. 313 and 314.) 

It will be seen that each punch (except 
the extreme end ones, which are not shown) 
is cut away at three points and at both sides, 
so that the punches may be the proper pitch 
for cutting and still leave room between each 
pair of punches for the insertion of thin rect- 
angular bars or knives. There are two sets 
of knives ; in the upper set the 53 knives 
marked 39 are fixed in the block, and they , 
pass between the punches 19 in the upper long 
rectangular gaps 40. The second or lower 
set also contains 53 knives ; these are marked 
41, and they are movable in order that they 
may enter into the rectangular gaps 43 oij 42 between the punches, 
according as the corresponding punch is up or down. 

In Fig. 311 the sliding knives 41 are full out, and quite clear of all the 
punches 19. This, as already indicated, is a little after the time when 
the selection of needles and hooks takes place, and the sliding knives 41 
remain out until the jacquard griffe is raised v and, of course, until certain 
of the punches 19 have descended to correspond jvith those hooks which 
have been raised in virtue ofiholes in the jacquard card. The four small 
squares under the punches in Fig. 314 indicate that Nos. 1 and 2 correspond ' 
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to two Slanks, while Nos. 3 and 4 correspond to two holes in the card,, 
because the corresponding hooks in the jacquard have been lifted. 

The 53 knives 41 are fixed to the rectangular bar 44, and the ends of 
the bar are attached to the sliding rods 45. The outer end of each rod 
45 passes through a guide 46, while the inner or longer part passes through 
a hole in the block 20. The opposite end of each rod 45 is attached to the 
connecting links 47, Figs. 303, 305, and 308. A^horizontal bar 48 (see Fig. 
304 and Fig. 307) connects the two links 47, while the bar 48 is connected 
as shown to the upper arm 49 of a lever fulcrumed at 50 ; a cord 51 Is 
attached to the lower arm 52 and passed over a grooved pulley 53, while 
a weight 54 is fixed to the cord as shown. 

Fixed to the lower arm 52, Fig. 303, and a little below the fulcrum 50, 
is a bracket 55 carrying an anti-friction roller 56. The weight 54 keeps 
the roller 56 in close contact with the contour of the cam 57 fulcrumed 
on the main shaft K. It will thus be seen that as the main shaft K rotates, 
the cam 57 will, through the roller 56, cause the lower arm 52 to move 
out positively from the dotted to the solid position in Fig. 305, while the 
weight 54 will pull it back negatively as the face of the cam 57 in contact 
approaches the thinnest ])art, until ultimately the arm 52 assumes the 
dotted position in Fig. 305 and the solid position indicated in Fig. 303. 

During these movements the upper arm 49 will reciprocate with the 
lower arm 52 ; hence, when the cam 57 has forced the arm 52 outwards 
to the solid position in Fig. 305, the upper arm 49 will be full in, and the 
sliding rods, with all connected parts, will be on the extreme left-hand 
position when viewed from the driving side of the machine. This is the 
position shown in Fig. 311, with all the knives 41 clear of the slots 42 and 
43 in the punches 19, and the jacquard grifie in its highest position. But 
)yhen the point of the cam 57, Fig. 305, passes the roller 56, the latter 
moves quickly down the steep face of the cam under the influence of the 
weight 54 (an action which is just completed in Fig. 303), and hence this 
action causes the subsequent parts to draw the knives 41, Fig. 311, to the 
right, in which case they would clearly enter the bottom slots 43, provided 
that all the punches were in similar positions to that represented by the 
12 punches. In the figure«none of the 12 punches would project below 
the face of the clearing plate 30, because the corresponding hooks of the 
jacquard are all down in response to the blank portion of the pilot card 
in the set Q, Fig. 303. The blank row in the card w^hich has just operated 
the needles in the jacquard in Fig. 303 would thus have its counterpart 
in the corresponding row of the card 24 in Fig. 312. If, however, any 
of the punches happened to be down — and some w^nild be down in other 
short rows of the punches — they would app^r as shown by the third and 
fourth punches in Fig. 314, and the knives 41 would then have entered 
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the middle slot 42 of these punches. The knives 41 would thus' prevent 
the punches 19 from rising when the card 24 on the punch block 25 came 

into contact with the ends 



Fig. 315. 


of the dropped punches; 
hence, the card would be 
forced upwards beyond 
the ends of these dropped 
punches, and the latter 
would therefore pass 
through the card as ex- 
emplified in Fig. 315. 

The single line 58 of 
12 marked and unmarked 
squares on the left of 
Fig. 315 indicate the posi- 
tions of the 12 punches 
in this view ; those punches 
which correspond to the 
marked squares are shown 
with their ends through 
the card 24. In order that 
the work of punching a 
complete card may be done 
with a reasonable con- 
sumption of power, it is 
usual to vary slightly the 
lefigths of the cutting part 
of the punches ; thus, three 
different lengths of punches 
may be made, so that the 
medium - length punches 
commence to enter the 
card a little after the longer 
I punches and a little before 
the shorter punches. 

Much enlarged views 
of the punches, or, rather, 
the upper part of them, 
appear in Fig. 316, with 


, the methods of tying the 


cords 14 to the punches. In bne case, the cord is threaded through a hole 
in the flat part of the punch, and tied in the usual way^ in the other 
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case, th.^ cord is passed downwards through a vertical hole, then through 
one of the holes at the side, and a big knot tied on the end ; when this 
knot is pulled inside the punch as illustrated, it ofEers no obstruction to 
the vertical movement of adjacent punches. The upper part of the draw- 
ing of the right-hand punch is a section through the hole. 

It now remains to show how the card 24 is removed from the ends of 
the punches 19 when the blocks 25 and 26 descend to the position indicated 
in Fig. 312. The parts which perform this function are illustrated in 
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Fig. 303, bnt more particularly in Figs. 317 and 318. On each side of the 
machine, although not shywn in Fig. 306, is a vertical plate 59, to the 
lower end of which is cast a projecting cam 60. A longitudinal slot 61 
is made near the lower end of the plate 59, and through this slot the shaft 
of a stud 62 passes and is attached to the ends of the bottom block 26, 
Figs. 307, 308, and 312. A second but shorter slot 63, Figs. 317, 318, and 
307, is made near the uppepind of the plate 59, through which the shaft 
of a stud 64 is passedoto make a connection with the clearing plate 30, 
Figs. 308, 310, 311, and 315. The plate 50 is beiween the frame F and 
the large wheel J ; part only of the latter appears in Figs. 317 and 318. 
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In the junction between two of the spokes of the large wheel J is a‘ web 66. 
A hole through this web serves to carry a stud 66, Fig. 318, upon which 
rotates an anti-friction roller 67. 

When the eccentrics 29, Figs. 307 and 308, commence to raise the block 
26, and therefore the stud 62, Figs. 317 and 318, the stud simply moves 
upwards in the slot 61 until the shaft of the stud 62 reaches the top of the 
slot ; the further upward ipovement of the block 26 results in the vertical 
plate 59 being raised along with the similar plate at the other side of the 
nlachine. And shortly after the vertical plate 59 commences to rise, the 
lower surface of the upper slot 63 comes into contact with the shaft of the 
stud 64, and thus the dearing plate 30 is raised, and ultimately the card 
is punched. 

The further rotation of the shaft K causes the lifting cams or eccentrics 
29, Fig. 307, to present their thin surfaces to the block 26, and thus the 
latter is free to descend. The cutting plate 25 and the clearing plate 30 
descend simultaneously with the block 26 ; the clearing plate, however, 
sticks, so to speak, because of the tightly fitting punches in the holes of 
the card, but the cutting plate 25 and the block 26 descend to their lowest 
positions. Meanwhile, the anti-friction bowl 67, Figs. 317 and 318, rotating 
with the large wheel J in the direction indicated in the former figure, ap- 
proaches and finally reaches the left-hand side of the projecting cam 60. 
As the bowl 60 is approaching the vertical position — i.e. above the crest 
of the upper surface of the cam 60 — ^it is gradually forcing down the cam, 
so that when the latter, and therefore the plate 59 of which it forms a part, 
has been forced to its lowest position, the lower end of the stud 68 (see 
top of Fig. 317) has similarly forced the clearing plate 30 off the ends of 
the punches, and the ends of the clearing plate* then rest on the lower 
plate 70 until the next upward movement of the plate 59. On the opposite 
side of the machine, Fig. 307, an anti-friction roller 67^ on the back of 
the cam L operates in a similar manner on the cam 60 of the vertical 
plate 59. 

The clearing plate 30 is adjusted and timed by means of the above- 
mentioned stud 68 and its lock-nut. Tlw two plates 69 and 70 are bolted 
to the main frame of the machine (see Fig. 3p3), and a vertical spindle, 
extending from the upper plate 69 to a point below the lower plate 70, 
serves as a guide for the up-and-down motion of the cutting and clearing 
plates, while the lug 71,. cast on the side of the frame, serves also as a 
guide for the plate 59. 

If we assume as a starting point the i?)iation of the large wheel J, 
Fig. 303, when the jaqquard griffe is full up.anithe cylinder S for the 
pilot cards Q full out, then the following Tables XIV. and XV. will give 
the approximate rotation in degrees of the marked point ip the wheel J 
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from tlft highest position of the point, for the time of the chief actions 
of the machine : 

Table XIV 


• Jacquard Machine 


Angle of Rotation of 
Largo Wheel J. 

Positions of Various Parts. j 

360° or 0° 

• 

Griffc up, cylinder out. 

45° 

Griff e commencing to descend, and cylinder starts tc 


move in. 

120° 

Griffe nearly down, and cylinder in. 

150° 

Griff e full down. 

180° 

Griffe begins to move up. 

210° 

Cylinder begins to move out. 

260° 

Cylinder just about to turn on to the flat side. 

270° 

Cylinder on the flat side. 

310° 

Cylinder full out and griffe nearly full up. 

310° to 360° 

Very slight movement of griffe. 


Table XV 


Repeating Machine 


Angle of Rotation of 
Large Wheel J. 

Positions of Various Parts. 

360° and 0° 

Feed and delivery cyhnders 22 and 23 stationary ; sliding 
knives 41 full in ; punching blocks 25 and 26 commences 
to rise. 

60° 

Punching plate and card 24 reach the clearing plate 30. 

100° 

Punches 19 ready for cutting hoh*8 in the card. 

150° 

C’ard punched with both plates full up ; both plates com- 
mence to descend. 

160° 

Punching plate 2.5 moving away from punched card and 
clearing plate. 

175° 

Small anti-friction roller 67 commences to act on the cam 
60 of the vertical plate 59. 

180° 

Cam 57 operating on levers and arms to force sliding knives 
front slots in the punches. 

200° 

Clearing plate forces punched card off the ends of the 
})uncheB. 

o 

o 

Sliding knives commence to move inwards into the slots. 

300° 

Sliding knives full in ; punching ])late and block reach 


lowest position, and commence to rise again. 


It might just be stated that the laced^ cards \\hicli are to receive the 
impressions pr holes identical with those on the pilot chain Q, Fig. 303, 
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are placed under the lingoe box 13 and on the floor. The end of the chain 
is then passed behind a roller and led up to the feed cylinder 22, under 
the punches 19 and clearing plate 30, over the delivery cylinder 23, and 
finally over rollers to be delivered on to the floor after each card h^s been 
cut according to pattern. The discs of card which are punched ultimately 
leave the cutting plate 25 and drop into the wooden box 71. 

Fig. 319 illustrates the delivery and balance-wheel sides of a machine 
made originally by Messrs, "(william Ayrton & Co., Manchester. The cards 

from the delivery cylinder 
were removed in order that 
the cylinder might be seen 
quite clearly ; the box for 
catching the punched-out 
discs of cardboard which 
drop through the converg- 
ing conductor 58, Fig. 321, 
was also removed from its 
position, so that the main 
shaft M and the large plate 
cams 32 could be exposed 
to view. In Fig. 320, how- 
ever, which is exhibited 
mainly to show the pulley 
side of the machine and 
the train of wheels for con- 
veying motion to the two 
cylinders over which the 
cards to be repeated are 
passed, the set of re- 
j)eated cards is in posi- 
tion, and BO is the above- 
mentioned box. This view 
also shows the pilot set of cards on the right or feed side of the 
machine. * 

One distinctive feature about this machine is that there are no cords 
required for operating the punches, since the needles of the pilot jacquard 
control directly the upper part of the punches, or rather the rods which 
act upon the actual punches. The drive is by means of cones, and in 
this case an underground shaft supplies the Cpower to the machine, illus- 
trated in Fig. 320, as is clearly shown by the belt, In Fig. 321, which 
is a line drawing of the delivery, side of the machine, the flanged belt pulley 
A is recessed as indicated to fit the cone B on the driving qfiaft C. On 
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the sa^ie shaft C, and outside of the belt pulley A, is fixed the hand- wheel . 
D. The cone B is placed in and out of contact with the recessed part of the 
pulley A by means of a clutch E operated by a hand lever F. The hand 
lever F is kept in the inoperative position — that shown in Fig. 321 — by 
means of the latch G, so that the latch must be lifted before the handle F 
can be moved to place the cone B in contact with the inner inclined surface 
of the driving pulley A. 

The pulley shaft C extends to the other side of the machine, where at 
the extreme end of the shaft is a heavy balance-wheel H, whilst between 
this balance-wheel and the 
substantial frame J is a 
pinion K which drives the 
large wheel L on the main 
or cam-shaft M. 

Returning to the de- 
livery side in Fig. 321, the 
two lifting cams 2 are shown 
in their proper positions on 
the heavy main or cam- 
shaft M, with the thin parts 
of the cams 2 in contact 
with the anti-friction rollers 
3, and hence the latter are 
in their lowest position. The 
anti-friction rollers 3 are 
carried by the shaft d, and 
the latter controls tlfc up- 
and-down movements of the 
lifting and punching block 
6. The cards are “ re- 
peated ” or punched, one 
full card at a time, between the lower punching block 5 and the 
upper plate 6, one card 7 being in position in Fig. 321. 

The shaft M is also se^i in Fig. 322, which illustrates an end elevation 
of the balance-wheel end, and the method of feeding the pilot set of cards 
N. This set of cards, which will have been punched in an ordinary piano 
machine, laced in one or other of the usual ways, and then wired, is placed 
in the card cradle 0, Fig. 322. The inner ends of the card cradle are 
secured to two projecting klckets P on the main upright frames J. 

One end of the laqed set of cards N is led around roller Q, over and 
under rollers R and S supported by suitable brackets, over the cylinder 
T, and finally back to the card cradle 0, where it is joined to the other end 
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if necessary to form a closed chain. The card wires U enable the cards 
to depend to the desired depth; in the case illustrated the wires are 
attached at intervals of 12 cards, which represent 12-row cards for a 600’s 
jacquard. 

The action of the jacquard needles and supplementary parts will be 








described in a sectional view ; in the meantime it will be observed from 
Fig. 322 that there is the usual form of catch V to act on the lantern W 
of the cylinder T, and so turn the latter one-quarter clockwise as the slide 
rods X move out under the influence of the cSMar Y and other mechanism 
which will appear in the^sectional views. A secpndtoatch Z may be raised 
in contact with the underside of the lantern W, and held there by means 
of a spring attached to any convenient part of the cylinder frame, when it 
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is desired to rotate the pilot cards N and the cylinder T counter-clockwise, 
as in symmetrical patterns ; in such cases the upper catch V is obviously 
raised clear of the cylinder lantern. 

The shaft M, Fig. 321, extends across the machine, and at the end 
which projects outside the frame on the pulley side is reduced to take 
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the bead and peg disc 8. (See also the elevation of the pulley side in Fig. 
323.) The bead and peg flfsc works in conjunction with the star- wheel 9. 
As the shaft M rotates, Fig. 323, the bead 10 of^the disc 8 runs on one of 
the curved parts 11 of the star- wheel 9; but when the end of the bead 10 
jurved part 11, the peg 12 of the disc 8 enters the 
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slot 13 of the star-wheel 9 and turns the latter one-quarter of a revolution. 
The star- wheel 9 thus rotates intermittently the two trains of wheels 14, 
15, 16, 17, and 18, and 14, 19, and 20. The bead and peg disc rotates 
counter-clockwise in Fig. 323, and since there are odd numbers of wheels 
between it and the two wheels 18 and 20—i.e. 5 wheels in the first train 
and 3 wheels in the second train — the wheels 18 and 20 will also rotate 
counter-clockwise. Wheel ]8 is on the shaft 21 of the feed cylinder 22, 
while wheel 20 is on the shaft 23 of the delivery cylinder 24. 

'The two trains of wheels for driving the feed and delivery cylinders 
counter-clockwise, when viewed from the pulley side in Fig. 323, are sup- 
ported by arms 25 and 26, both fulcrumed in the stud 27, which carries 
the wheel 14 common to both trains of wheels. Suitable brackets from 
the arms 25 and 26 form supports for the wheels ; some of these are shown 
distinctly in Fig. 321, and so is the companion arm 26^ on stud 27^ sup- 
porting the other end of the shaft 23 of the delivery cylinder. The slot 
28 in bracket 25, Fig. 323, provides means for altering the position of the 
shaft 21 of the feed cylinder 22, while the slots in the two brackets 29 
provide similar means for the adjustment of the shaft 23 of cylinder 24. 
An adjustable bracket, with the two holes in different planes for the shafts , 
of the feed cylinder 22, supports the latter at the balance-wiieel side of 
the machine, while a somewhat similar provision is made for the shaft 
immediately behind w'heel 18, Fig. 323. Since no compound- wheels 
appear in the trains of w'heels to the cylinders 22 and 24, and since wheels 
9, 18, and 20 contain each 40 teeth, it follows that, each time the star- 
wheel 9 is moved by the peg 12 of the disc 8, each of the above-mentioned 
three wheels w ill be moved 10 teeth, or one-quarter of a revolution. 

The cards 30, Fig. 323, which are being punched", move in the direction 
of the arrow, and are guided by roller 31 to the feed cylinder 22 as demon- 
strated in Figs. 324 and 326,' which, with Figs. 325 and 327, illustrate 
sectional views of some of the chief parts of the machine. 

In Fig. 324 the lifting cam 2 on the main shaft M is in its lowest position, 
and so is the anti-friction bowl 3 and the lifting-block 5. The large plate 
cam 32 (see Fig. 321 for the position of ^this and its companion disc) is 
described later, or at least the opposite side of ,the disc to that shown in 
Figs. 324 and 326. In Fig. 326 the cam 2 and the connecting parts are in 
their highest positions. Both blocks 5 and 6 are raised at the same time 
to the position indicated in Fig. 326. 

All the needles 33, Fig. 324, are full out (one short row only is shown), 
and they would still remain in their present ^fcl^itions if a full row of holes 
— say 12, as indicated above the cylinder T at 34v-came opposite them 
with the next inward movement of the cylinder. Consequently all the 
rods 35, which are the equivalent of hooks in the ordinary jacquard 
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^ macliifies, would remain as illustrated. And if the block 5 were to rise, 
all the punches 36 in the upper block 37 would be raised ; and since their 
upper parts are cup-shaped as illustrated on a very large scale in Fig. 327, 
tlbe rpds 35 would be raised, and their upper ends would be arrested by 
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the stationary griffe or brander 38, Fig. 324, before the lifting block 5 
reached its highest position® hence, the cutting surfaces at the lower end 
of the punches 36 wpuld pass through the card which at the moment 
happened to be between the plates 5 and 

If, on the other hand, a card with holes and blanks on the same line as 
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at 39, Fig. 326, should be presented to the needles 33 as depicted b that 
figure, those needles opposite the places correspondmg to the blank squares 
m 39 would be pressed back as indicated, and, when the block 5 lifted the 
punches 36 and the rods 35, those rods which had been pressed back by 
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the needles would enter the gaps between the depending arms of the 
stationary griffe 38, while the remainder would come in contact with the 
A-shaped ends as explamed, and thus the line on the card between the plates 
6 and 6 would correspond to the Ime 39. t c 

An enlarged view of three needles, three rods, and Jhree pimches appears 
m Fig. 325. The two oufside rc^s are in contact with the depending arms 
of the griffe, and their punchers are through the card, whereas^ the middle 
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rod is tree — kaving been pressed back — and its upper end is in one of the 
gaps of the griffe, because its punch has simply raised it, as demonstrated, 
. due to the blank or uncut part of the card between the plates 5 and 6. All 
the punches are guided in a true vertical movement by the holes in the 
upper fixed block 37 ; the middle block 6 rises with the lower one. 

The rods 35 are contained in a skeleton frame 40 composed of suitably 
shaped vertical bars and round horizontal rods, while springs 41 and 42, 
the former a straight one for the feed cylinde? 22 and the latter coiled for 
the delivery cylinder 24, serve to keep the cards in their proper positions. 
The bead 43, Fig. 321, on the disc 32 would force the bowls 3, and therefore 
the block 5, downwards if the latter showed any tendency to stick. 

The reverse side of plate 
cam 32, as compared with 
Figs. 324 and 326, is ex- 
hibited in Fig. 328. The 
outer and narrower box 
cam is not now used, but 
the function of the inner 
and broader box cam (both 
are in solid black) is demon- 
strated in Figs. 329 and 330. 

Both views are partly dia- 
grammatic, and yet the 
parts are very similar to 
the actual parts in the 
machine ; and both views 
are of the inside o£ the 
frame in the lower parts. 

The broad rail which Fiq. 328 . 

bridges the gap between 

the two upright frames J is shown at 44 ; the heavy upper cross rail 
45 is fixed to the same uprights as shown. The inner and broader cam 
only in Fig. 328 is reproduced m solid black in Figs. 329 and 330, and 180 
degrees separate the two ;^ositions. 

An anti-friction roller 40 rotates freely in the box cam of disc 32, and 
thus imparts a to-and-fro movement to the lever 47, fulcruraed at 48. 
The upper part of the lever is bent, as shown, and at the extreme upper 
end carries a pin or stud 49 which enters a vertical slot in the bush Y of 
the slide rod X for the cylinder T. As the shaft M rotates from the position 
indicated by the parts^^in Fig. 329 to that shown in Fig. 330, the lower arm 
bf lever 47 is moved to the left and the upper arfii to the right, and hence 
the cylinder T and the card are brought into contact with the needles 
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projecting tlirough the needle-board 50. Conversely, during the following 
half-revolution of shaft M and disc 32 the cylinder is moved outwards to 
the position shown in Fig. 329. 

As the cylinder T and card are approaching the needle-board, and the 
punching or lifting block 5 is moving upwards to punch the card between 
the blocks 5 and 6, it is desirable and essential that the card should occupy 
its exact position with regard to the blocks 5 and 6. A pin 51 is situated 
in the slot of the longer arm of the bell-crank lever 52, while the shorter 
arm of the lever controls a part 53 with a vertical pin 54. This pin 54 
enters the peg-holes of the card 55 during the above movement, so that 
the card is held securely in position during the operation, as exemplified 
in Fig. 330. 

The catch Z, Fig. 330, is shown in position for reversing the direction 
of the cards, and the usual spring hammer 56, with the spiral spring around 
its upper shank, is clearly seen. A 600’s or 12-row cylinder is in position 
in Fig. 330, but a 400’s or 8-row cylinder T is shown in Fig. 329. An 8-row 
card 55 is also in the cutting position. When it is necessary to repeat an 
8-row set of cards, the two upper long rows and the two lower long rows of 
needles are covered with the angular plates 57, Fig: 329. It is also neces- 
sary to introduce similarly sized cylinders instead of the 12-row ones 
illustrated at 22 and 24 in Figs. 323, 324, and 326, and to make adjustments 
on the arms 25, 26, and 29 in the former figure. Six 12-row cards bridge 
the gap between the cylinders 22 and 24 in the above illustrations, but 
eight 400’s or 8-row cards are required. 

The feed side and driving end of the jacquard card repeating machine, 
made by Messrs. James M‘Murdo, Miles Platting, Manchester, are illus- 
trated in Fig, 331, This machine, as well as thote which have already 
been illustrated and described, is for repeating ordinary i)itch jacquard 
cards. An illustration of the«rlelivery side and the opposite end to the 
driving of a very similar machine, made by the same machine-maker, 
appears in Fig. 332. It will be noticed that the upper parts of the two 
machines are almost identical, but the lower part of the framework of 
the machine shown in Fig. 332 is of a heavier build than the corresponding 
part of thfe frame in Fig. 331. ^ 

As in the other machines, that illustrated in Fig. 331 is adapted for 
cutting 8-row and 12-row cards of the usual 400’s and 600’s types. On 
the other hand, the machine illustrated in Fig. 332 is of more modern 
type, having just been introduced by Messrs. James M‘Murdo, and has 
been designed for the repeating of cards of a rtiUch finer pitch. Otherwise, 
the illustrations are typical of the two ends, feed aijd delivery sides of the 
ordinary pitch repeater made by the above firm. 

The difference between the actual cutting parts and t^ie adjacent 
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mechanism will be understood by reference to Figs. 333 and 336, which 
illustrate details of the punch, and complete views of punches, hooks and 
connections, and locking knives. Fig. 333 shows the fixed and moving 
blocks A and B, the fixed knife C, the moving, sliding, or locking knife 



Fig. 329 . Fig. 330 . 


D, with the bell-crank lever E which operates the knife D. The bell-crank 
lever E is fulcrumed at F. JjJie short arm of thvj lever E is raised by the 
cam G, which rotates with the main shaft H. As the latter rotates in the 
direction indicated by thehrrow, the short, arm (fi lever E willrise, and 
the long arm will move to the right and withdraw the locking knife D. 

> 2a 
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In the present view, the locking knife D is full in, and in the position 
essential when the actual operation of punching a card is taking place. 
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The view in Fig. 333 shows that there are twelve punches J, and there- 
fore the illustration shcfws onc}, short row of thfe ordinary card repeater for 
600’s cards ; it can, of course, be made suitable for punching 500’s and 
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400’s (*irds, and for any other with fewer punches than 600’s, provided 
the length of the card is the same as those for the ordinary 600’s cards. 



Fig. 332 . 

• • ^ 

The five punches J in Fig. 334 are also representative of the punches 
for the ordinary pitch repeater, but they ye dra.^^ ii to a. larger ‘scale than 
the parts in^Fig. 333 ; they are drawn one-tenth the actual size, and so 
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is the single punch in Fig. 334. All the connections for this piflach are 
also shown up to the knife, but the punch itself has been drawn 90° round, 
instead of in its actual position, in order that the shape might be more 
clearly shown. It will be seen that the punch J^, Fig. 335, is much smaller 
than, although exactly the same length and shape as, the punches J, 
Fig. 334, also marked 1, 2, 3, and 4 on the right. The punch and the 
attached parts in Fig. 334 are for the medium pitch repeater. * 

The difference between *^the two pitches is perhaps better illustrated 
in' the two parts of cards at the bottom of Fig. 336. Both cards are the 
same in width, so that 16 holes in the medium pitch card occupy the 
same width as 12 holes in the ordinary pitch card, and the same proportions 
obtain in the length. In the 600’s ordinary pitch card, 16[ in. x3J in., 
there are 


26 rows X 12 holes =312 \ 
25 „ xl2 „ =300/ 


= 612 holes ; 


while in the above-mentioned medium pitch card, termed a 1350’s, 
19J- in. X 3i in., there are 


1 part row x 12 holes = 12 

41 rows X 16 „ =656 

2 part rows x 12 „ = 24 

42 rows X 16 „ =672 

1 part row x 12 „ =12 


-1376 holes. 


And since the same kind of cardboard can be used in both machines, 
it follows that with any constant sett or porter about half the weight of 
cards will be used for the medium pitch repeater and jacquards as com- 
pared with the weight used for the ordinary machines. 

A sectional view of the punching plates and Wocks is introduced in 
Fig. 337. This view shows provision only for 8 punches J of the ordinary 
pitch— a sufficiently large nuyiber for descriptive purposes. It will be 
understood, however, that in this repeater there are 12 punches in each 
short row, as indicated in Fig. 333 and by the upper card in Fig. 336 ; 
in the medium pitch repeater there are obviously 16 punches per short 
row, and of the size indicated by that marked Fig. 335. The punches 
in' Fig. 337 are drawn one-fifth the full size, and are therefore twice the 
dimensions of the hooks J, Fig. 333. 

Before describing the manipulation of the punches, it might be advis- 
able to consider the full complement of parts up to the jacquard machine 
which carries the pilot set of cards to be duplicated. In principle, as 
already stated, the medium pitch punch J^^is the same as those of the 
ordinary pitch ; indeed, it differs from them only in the diameter of the 
steel. Hence, any de8c1-iptioi\ having reference to the ordinary pitch 
punches is applicable the medium pitch punches. 
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The jacquard machine, the position of which will be indicated later, 
contains 12 ordinary lifting knives, one of which is shown at K in con- 



^ ^ Fig. 337. Fio. 335. Fig. 336. 


aection with the first f)ui;th of the 5 in Fi^. 334# The upper part of the 
book or upright L for the ordinary pitch machine differs slightly from 
bhe medium ^itch upright L, Fig. 333. Narrow knives K are used for the 
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ordinary pitch jacquard, but deep knives are used for the medium pitch 
machine. 

To the bottom bent part of the hook L is attached a wire M, as indi- 
cated in Fig. 334 ; the bent lower end of the wire M is provided with a 
hole through which the lower wire N passes, and the latter in turn has a 
similar bend at the top through which the wire M passes. 

Encircling the upper part of wire N, and extending the distance marked 
0, is a fine- wire spiral spring. The hooked end of the wire N is finally 
attached to the punch J, and this completes the equipment. The normal 
position of the hook L is off the knife K, and not on, as is usual with 
ordinary jacquards. 

Each punch has three sections cut away to form recesses, as shown 
in Fig. 334, on the punches J — also marked 1 , 2, 3, and 4 — and the corre- 
sponding parts a, and c are showm stippled on the adjoining punch J, 
which is set 90° further round than the four j)unches. The cut-away 
portions are also shown clearly in Fig. 335. The tw^o lower recesses in 
Fig. 334 are | in. deep, while the upper section is IJ in. deep, all cut 
half-way through the diameter of the punches. 

Along the full 52-row width of the machine these punches are arranged 
in pairs, the cut-out recesses of each facing each other as clearly indicated. 
When the jacquard griff e is down, and the selection of needles is taking 
place, all the punches are in their low'est positions, as showm in Fig. 333. 
Holes on the pilot cards have no effect on the needles nor on their corre- 
sponding hooks L ; hence the hooks and all attached parts will remain 
in their lowest positions, and as indicated by punches 1, 2, and 4, Fig. 334. 
On the other hand, a blank at any point on the pilot card would act on 
the corresponding needle, and the latter would j)UHh its hook over the 
knife K, in which case all attached parts w^ould be lifted, and the punch 
would take up the position shown by punch 3. 

It has already been stated that there are two knives in the punching 
block— a fixed one C and a locking one D. The ends of the 2G fixed knives 
C — each knife controls two punches — are shown in the elevation of the 
feed side jn Fig. 338 ; the ends of the locking knives D are not shown, 
but they are immediately behind the plate D^, ^and the latter is attached 
as exemplified to the upper arms of the bell -crank levers E. 

When the selection of needles is taking place— i.c. when the jacquard 
cylinder P and the pilot card are in close contact with the needle board Q 
(see Fig. 339)— the levers E and the locking ^knives D will be full out, as 
indicated by the positions marked E^ and D^ [^ig. 339, so that all selected 
punches are free to rise. » Those hooks L w^hich havh been pushed by their 
needles over the knives K will' be lifted, and the corresponding punches 
raised to the height represented by punch 3, Fig. 334. Thfe action will 
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place the recess a of punch 3 to the same level as recess h of the unaffected 
punches 1, 2, and 4 ; the long recess c enables this to be done in spite of 
the position occupied by the fixed knife C, which^serves to keep all recesses 


I 1 



Fia. 338. 


a, 6, and c clear for tlft kniveg to enter and leave.^ It will thus be seen that 
when the jacquard griff e carries up the knives, and the cylinder P is moved 
by the swafi-neck (not shown) to the outer position as shown in Fig. 340, 
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the recesses a of all lifted punches J and the recesses h of all unaffected 
punches J will be in the same horizontal plane, and ready to receive the 

26 locking knives D as the 
latter are moved forward 
under the influence of the 
parts illustrated in Fig. 333. 
When these movements 
have been effected, the 
parts will be placed as are 
illustrated in the sectional 
view in Fig. 337, and the 
card R to be punched will 
be in position over the. 
holes in the bottom punch 
block A. 

All the punches J are 
thus clear of the card- 
an essential condition when 
the latter is being drawn 
forward under the punches 
—but it will be observed 
that punches 4, 5, and 8, 
Fig. 337, are pretty high 
up in the upper block B, 
whereas punches 1, 2, 3, 6, 
and 7 are just sufficiently 
raised to allow freedom of 
movement as the cards are 
entered between the blocks 
at B}, Fig. 333, and when 
they are being withdrawn 
after the punching opera- 
tion is completed. 

♦, The machine is usually 
placed in and out of action 
by means of fast and 
loose pulleys S and T, and 
a belt guided by the belt 
^ Vork U, Figs. 339 and 340, 
and opera^ by the handle V on the bar JV, which can be slid in the 
brackets X. ‘ 

The pulleys S and T, and the balance-wheel Y, Fig. 338^ are on the 



Fig. 339. 
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shaft a, and so is the driving pinion 5 of 30 teeth. The pinion drives the 
wheel 6 of 60 teeth compounded with pinion 7 of 30 teeth on stud 8, and . 


pinion 7 drives wheel 9 
of 60 teeth odp the main 
shaft H. This shaft, as 
shown in Fig. 338, extends 
through the machine, and 
near each end and imme- 
diately outside of the sub- 
stantial frame 10 is placed 
an eccentric and strap 11, 
Fig. 339. Finally, the end 
of the shaft H is turned 
down to the diameter at 
12, as shown in Fig. 338, 
and a smaller eccentric 13 
secured to it. 

The strap 14 of the 
small eccentric 13 is con- 
nected with the rod 15, 
and the latter in turn to 
the lever 16 fulcrumed on 
shaft 17, which extends to 
the other side of the jac- 
quard 18. Near the out- 
side frames of the jacquard, 
and fixed on the shaft *17, 
are two other levers 19, 
the ends of which are con- 
nected to links 20, and 
these links to studs 21 on 
the ends of the lifting griffe 

22. The slide rods or bars 

23, Fig. 338, support th% 
pivots of the pilot cylinder 
P, and the rods 23 slide 
in the brackets 24 under 



the usual influence of the 


Fig. 340. 


griffe 22 and a swan- ^ • 

neck. These parts are not shown in the qpd elevations, in Figs. 
339 and 340, since these parts are subsidiary in this case to the 
punching and selecting mechanism; and in Fig. 340 the cards R 
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are shown full for clearness, although they are obviously inside the 
frame 10. 

The customary spring-box 25 is provided, and the needles 26, Fig. 340, 
are acted upon in the usual way by cards which pass over the cylinder P 
from the card cradle 27 ; part only of the latter is shown in the line draw- 
ings, but tw’o types of cradles are shown quite distinctly in Figs. 331 and 
332. The two eccentrics ai^ also prominent in the latter figure. 

The straps of the large eccentrics 11, Figs. 338 and 339, are connected 
by the rods 28 to studs 29 projecting from the sides of the upper block B, 
Figs. 338 and 339. Hence, as the eccentrics 11 rotate with the main shaft 
H, the rod 28, studs 29, and block R m\\ rise and fall alternately for each 
revolution. 

Two positions of the lever E are shown in Fig. 339 ; the oblique position 
marked represents the full-out position when all the locking knives D 



are clear of the punches J. The vertical position of the lever E represents 
the full-in position of the locking knives J. It has already been stated 
that the locking knives are pulled out positively by the action of the cam 
G, Fig. 333, on the short arm of lever E. This results in the compression 
of a spiral spring (not shown) on the rod 30, Fig. 339, and situated between 
the collar 31 and the block B. The energy thus stored in the spring enables 
the latter to draw in the locking knives 1) when the action of cam G, Fig. 
333, is removed. At this time the grilfe 22 will be up, and all parts ready 
for the block B descending to perform the cutting of the holes. As the 
block B descends, the fine spiral spring at 0, Fig. 334, is compressed a 
little, and continues to be so until the block B reaches the lowest position, 
and the otherwise unaffected punches J have passed through the card R. 

When the punches J have been withdAiTO from the punched card, 
the latte? is carried frogi between the cutting ^blocks, and another blank 
card of the chain placed in position by the partial rotation of the cylinders 
32 and 33, Fig. 341. These cylinders are moved by means of the two 
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catches 34 and 35 on rod 36. * The latter is moved positively by means of 
a cam on the shaft H which pushes the short rod 37 to the left, and the 
latter moves the lower arm of lever 38 in the same direction, so that the 
upper arm of tlfe latter pushes the rod 36 to the right, and thus turns the 
two cylinders one-quarter round and in the direction indicated by the 
arrows. The rod 36 and other parts are returned to their present positions 
by means of a spiral spring. • 

The spring 39, attached to the frame 10, and a similar spring on the 
other side, serve to position the cards on the cylinders 32 and 33. 

There are other repeaters on the market for the duplication of the 
ordinary and medium British pitch types of cards, but those illustrated 
and described probably repre- 
sent the best known kinds. 

Whenever a certain pitch jac- 
quard machine becomes per- 
manently established in an 
industry, a corresponding re- 
peater is almost sure to follow 
in due course, because of the 
saving which is efEected by such 
machines. 

Some duplicating or repeat- 
ing machines are most suitable 
for repeating single cards of 
particular picks of simple 
weaves, or of all the j)icks in 
succession. Thus, in connection 
with the weaving of figured 
fabrics which require cross 
borders, there are usually large quantities of cards, cut for some simple 
weave, required to be used between each pair of cloths. In such cases, 
and also in the case of preparing stock cards of a similar nature, these 
machines are very useful. They are not intended or adapted to cut cards 
which have been previously laced. 

The cards cut from such a machine can then be stored on suitable 
pegs so that one or more can be taken and used when desired for any 
particular purpose. 

These particular kinds of repeating machines may also be used for the 
duplication of full sets of carSs which have not been laced, but which have 
just come from a piand-card catting machine, saj from any of tjiose illus- 
trated in Chapter IV. 

The Arndtican repeating machines appear very compact, as evidenced 
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by Figs. 342 and 343 ; these illustrate respectively a French index repeater 
and a fine-scale repeater. It is impossible at present to show any of the 
actual cutting mechanisrA or the parts which operate it, but it might be 
stated that all parts, such as cords, chains, and springs, have been replaced 
by shafts, levers, gears, and similar appliances, so that the various move- 
ments may not, when set, be subject to variations which invariably accom- 
pany the use of the former group. Finally, the jacquard card cylinder is 
made of brass, and hence it is not affected by atmospheric changes. 

' It will be seen that in both the machines illustrated in Figs. 342 and 
343 cards of the usual kind are used and laced, but it should be noted that 
the so-called fine-scale repeater is really what we have called a medium- 

scale machine (see 
Fig. 332), as the 
actual pitch is 
identical with the 
McMurdo medium 
pitch repeater illus- 
trated there. 

The lacing for the 
cards may be accom- 
plished on any suit- 
able type of lacing or 
stitching machine. 

We have already 
mentioned the fact 
that some repeating 
machines are con- 
structed specially to 
duplicate unlaced 
cards which have 
been damaged while in use, as well as for punching stocks of cards of the 
same simple weave throughout. Thus, in the manufacture of linen, cotton, 
and union damask tablecloths and serviettes or napkins, and, in general, 
in the weaving of all kinds of figured textures other than piece-goods — €,g, 
cloths, covers, and the like— it is almost invariably necessary or desirable 
to introduce a number of cards, punched for simple weave throughout, for 
the purpose of weaving the length required for the plain part of the cross 
borders as well as for that part which is to be utilised for hemming the 
ends of the cloths. 

Such cards are seldom cut from the actqal figUBed design ; in the first 
case, the actual number required is not always known when the design is 
being painted, and even if it were, it is not essential to have the correspond^ 
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ing weft lines painted or the ^eave insertea. A much simpler plan is to 
have all such cards made independently of the design. They may be 
made on any of the repeating machines already illustrated ; but they 
are often made individually by a pair of machines such as those illustrated 
imthg foreground in Fig. 344, and when punched, it is a good plan to hang 
each set on a pin, as indicated in the upper part of the figure, so that one 
or more of each kind can be taken off quickly, either for replacing a similar 
broken one, or for forming the required number to add to those representing 
the actual figured portion of the design when the latter set is ready for 
lacing. 

The view in Fig. 344 illustrates part of a card-cutting, repeating, and 
lacing room. The two machines involved are often termed respectively 
a “ repeating machine ” and 
a railway press.” The so- 
called repeating machine — 
which is, however, actually 
a punch selecting machine 
— is shown on the right, 
while the railway press, or 
actual punching machine, is 
shown on the left. There is 
another railway press in 
the background. It will be 
noticed that the arms of 
the large hand-wheel in the 
. far machine are clearly seen, 
whereas those belonging to 
the hand-wheel of the nearer 
machine are invisible ; the pulley, shaft, and wheel were running when 
the photograph was taken, and this accounts for the obliteration of the 
arms in the illustration. We shall have occasion to refer to this figure 
again when the line drawings of the two machines appear. 

The first machine of the pair used for duplicating cards in the case of 
damages, or for a very slow method of repeating a set of cards, is illustrated 
in Fig. 345. We use the term “ very slow ” in reference only to the duplica- 
tion of one set ; if several sets of the same design were wanted, the machine 
would then be much more valuable, as will be explained later. As a matter 
of fact, the illustration Fig. 345 shows that the machine is arranged for 
the latter function, because^ ^lere is a set of cards A on the cylinder B 
of the machine, and thg cylinder is in the same plane as the needles. In 
this case it is seen that the machine is operated means of a fteadle C. 
^After each (^wnward movement of the treadle, the latter is returned 



Fig. 344. 
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to its present position by the weight D. But since at its best such a 
machine, when working in conjunction with the “ railway press,” is but 
a poor substitute for the modem card repeater, we shall describe the two 
companion machines for the purposes already mentioned in connection 
with Fig. 344. We shall, however, letter the illustration in Fig. 345 in 
keeping with the line drawings of the same machine as at present adapted 
for the duplication of single cards. 

An elevation of the same end of the machine as that shown in Fig. 345 



Fig. 345. 


is reproduced in Fig. 346, but in this ca,pe the card cylinder B is shown 
in a much higher plane with respect to the other parts of the machine, 
and the cylinder B is without pegs — they are not required with this arrange- 
ment. A very similar disposition of the various parts is exemplified in 
Fig. 347, which represents a different type of machine made by another 
firm of machine makers, but adapted for the same kind of work ; in this 
case, a treadle C is used^ but it is retumecj by means of springs D, and 
the treadle and springs are connected by metal stirrups and flat leather 
bands which are supporl^ed by^ rollers, as sKowfi. 

The table E of the machine, Fig. 346, is firmly mounteJ on the end 
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card-cutting machine, Cecause\hey are to 4uplic£fte holes to cor^fespond to 
those whictf have been cut originally on the ordinary pitch piano machine. 
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The parts are in their normal position in, Fig. 346, and also in Fig. 348, 
which is a plan view of the table and its furnishings. The card to be 
duplicated, whether as a single card or as one of a set hanging over the 
cylinder B as illustrated in Fig. 347, is guided on to a pai^* of pegs on the 
card plate K, seen best in Fig. 346. This card plate K is secured tp the 
two rods L which support the cylinder B, while the ends of the slide rods 
M, which are connected by the bar N, as shown in Fig. 348, encircle the 

upright rods L, as shown. 
A rod 0, Figs. 346 and 
348, is attached to the 
bar N by means of a pin 
Q, while the other and 
forked end of the rod 0 
is similarly attached by 
the pin K to the lever S 
fulcrumed on the shaft 
T, Fig. 346. Finally, a 
lever U, with handle V, 
is secured to the shaft T. 

The needles G are 
those which are acted 
upon directly by the 
pilot card — i.e, the card 
which serves as the 
selecting medium for 
the duplication. These 
•eedles G are housed in 
the case W, and a pedes- 
tal X, secured to the 
upper surface of case W, 
supports an arm Y, upon 
Yiq, 347 . which the turning catch 

Z is loosely fulcrumed. 

The length of the catch Z can be varied slightly, so that its hooked end 
will operate satisfactorily on the pegs 2 of the cylinder B when the cards 
are arranged somewhat as demonstrated in Fig. 347. ^ The pegs 2, when 
in their normal position, rest upon the head of the spring hammer 3, as 
indicated both in Figs. 346 and 347. 

The punches J, or rather those which aw aot held for the time being 
by the punch-carrying block 4 when the latter has been removed from 
the machine — that is, ^ from the position it occupies in^ the figure 
—are located in the stationary punch block 5; while, the needles 
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H, witlt their carrier 6, are ^jlear of the block 5, as will be indicated 
shortly. 

The method of operating the repeater or pimch-selecting machine is 
as follows : Sui^)ose that the card shown in the upper part of Fig. 349, 
and numbered 567, to represent the corresponding pick of the design, had 
'to be duplicated because of some damaged part. The two arrows 7 and 8 
indicate the directions for reading the holes and blanks with respect t6 



the needles 1 to 608 the machine. The 26-row is on the left and the 
25-row on the right when viewed as in Fig. 349. The punches for the peg 
and lace holes are not required in the case W, because these punches are 
always in position in the p^rjfh-carrying block 4, alongside the ordinary 
punches J. ^ 

The card, say. No. 567, ‘as iflustrated in fig. 349, is placed on^the pegs 
and against \he face of the plate K, Fig. 346, so that its 12 long rows of 
* 2b 
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holes and blanks will face the correspondii^ 12 long rows of the Selecting 
needles G. The handle V is then pressed down, an action which causes 
the lever S to move slightly counter-clockwise, and hence pulls the rod 0, 
bar N, plate K, cylinder B, and all adjoining parts to Ijhe left. Fig. 346, 
until the plate K, or rather the card 567, Fig. 349, is in close proximity 
to the face of the case W. 

* Since the plate N, Fig. 346, is attached to the lever S, and since a 
further rod is attached to ‘the short needle carrier 6, it follows that both 
move simultaneously and in the same direction, but the short needles H, 
in their carrier 6, are clear of the box 5 before the card on the plate K 
operates on the selecting needles G. 

As soon as the card on plate K reaches the points of the selecting 
needles G, the blanks will force the corresponding needles against the 
same number of punches J, and will ultimately force these punches J into 
the box 5. Those selecting needles G which were opposite holes in the 
card would i)ass through these holes and through the corresponding holes 
in the plate K. 

When the moving parts 6, N, etc.. Fig. 346, have reached their full 
outward position to the left, the punches J and the needles G and H will 
have assumed the positions indicated in the plan view. Fig. 349. In this 
view all the selectmg needles corresponding to the blanks in the top long 
row of card No. 567 are shown to have pushed their corresponding punches 
J into the box 5, whereas the remaining punches J, corresponding to the 
holes in the top row of the card, remain undisturbed, because their needles 
G have not been acted upon. 

It will thus be seen that all those punches J which have not been pushed 
back, remain in the punch-carrying block 4, andi»when the needles G and 
H have been removed to the right, Fig. 346, until the needles G are clear 
of the punches J, and before /he needles H have reached the remainder of 
the punches J in the box 5, the parts are in suitable positions for the removal 
of the punch-carrying block 4, with its complement of punches correspond- 
ing to the holes in the card No. 567, Fig. 349. 

The small arm 9, fulcrumed at 10, Fig. 346, on a stud projecting from 
the side‘of the case W, holds the punch-carrying block 4 erect, but can be 
withdrawn so that the punch-carrying block I may be lifted out in order 
to be transferred to the next machine, the railway pr^ss, where the actual 
punching of the new card takes place. Only one row of needles G and 
punches J — the top one — has been introduced in Fig. 349, since more 
would simply have resulted in the illustrajjiein being made less effective. 
The foregoing description has reference to the ^duplication of 600’s or 
12-row jh,cquard cards.* Provision must be made to duplicate 8-row and 
10-row cards if necessary, and this provision takes the form of plates 
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drilled for the corresponding 8-row and 10-row machines. Thus the 

diagrammatic view 11 at the bottom of Fig. 348 illustrates a plate equal 
in size to a 600’s or 12-row card, but 10 long roivs only are shown ; the 
places on the pl^te corresponding to the 1st and 12th rows of a 600’s card 
$re solid metal, and hence only 10 rows of selecting needles G, Fig. 346, 
woul(J be in work, and the two outside long rows of needles would be 



pushed to the left and tlfeir corresponding punches J pushed into the 
box 5 at each stroke of the plate. For 8-row or 400’s cards the plate 
would have holes only in the eight middle rows, and it need hardly be 
said that the plate is placed in front of the plate K, Fig. 346, so that the 
rows of blanks would cover holes in the correKponding rows in plate K. 

The companion mac]jin^ to that illustrated in Figs. 345 to 349, and the 
one which actually performs ftie punching, of tlfte cards, may t)e hand- 
driven or po^er-d riven. One type of hand-driven machines is illustrated 
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in Fig. 350, tlie drum or roller A being operated by means of the ptojecting 
handles on the hand-wheel C. The punch-carrying plate 4 is shown on 
the top of the framework, and this plate has to be pushed under the roller 
A, the point where the card is cut. The small discs of caifdboard, punched 
from the card, drop into the box near the floor. 

A power-driven machine is illustrated in Fig. 351, in which case the, 
roller A, on the shaft B, is placed in and 
out of action by the fast and loose pulleys 
D and E, while the hand-wheel C, on the 
same shaft B, is without the projecting 
handles shown in the machine in Fig. 350. 
The whole is supported by the substantial 
framework F. 

The so-called ‘‘ railway press ” shown 



Fig 350. 

in Fig. 351 is of the same type as those shown near ijtie wall in Fig. 344. 
It will be observed that in these two machines in Fig. 344, one pulley only 
is used, the main shaft being kept running while the engine or main shaft 
is in motion ; in this respect the machines^differ from that illustrated in 
Fig. 351. 

Figs. ^352 to 356 arc line-drawings of 'the' machine exhibited in Fig. 
351. Fig. 352 is a front elevation, Fig. 353 is an end elevation of the feW 
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side, Fig. 364 is a plan, while •Figs. 355 and 356 are enlarged views of the 
punch-carrying plate 4. 

, Aftej: the selection of punches has been made 1^ the machine illustrated 
in Figs. 345 to M9, and as already described, the punch-carr 5 dng plate 4 is 
removed from the pins or pegs, Figs. 346, 348, and 349, and the plate 
with its complement of punches taken to the railway press illustrated 
in Fig. 350, or to the one shown in Figs. 351 to 356. The plate 4 is 
placed in the position indicated in Figs. 355 and 356. 

We shall assume at 
present that the blank 
card which has to be 
punched is under the 
punch - carrying plate 4 
and between it and a 
correspondingly drilled 
plate, near the base of 
the plate-carrier G; the 
method of placing the card 
in this position will be 
described after the actual 
operation of punching has 
been explained. 

The plate-carriage G 
is, naturally, in its posi- 
tion on the rails H, Fig. 

364, although shown de- 
tached in Figs. 355 aifll 
366. In Fig. 354 only 
a small portion of the 
plate-carrier G is shown, 
but its handle J indicates 
its relation to the whole 
carriage shown in Figs. 

355 and 356. 

The two rails H, Fig. 354, extend, as shown, to the far end of the machine, 
and it is necessarySr when the card is in position under the plate 4 and its 
punches, to cover the latter with the leather shield K, Fig. 353 (shown also 
clearly in Fig. 351). Then the plate-carrier G, with its charge, is pushed 
under the rotating roller A, ^ivith the leather shield K in direct contact 
with the roller. This r«su)j:i i^ the punches being f orced downw^ards, and 
their ends pushed through the card and itrlo the correspondingly drilled 
plate in the base of the carriage G. The full cutting of the card is thus 
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accomplislied, but it is necessary to withdracv the plate-carriage G m order 
that the punched card may be removed, and another blank card placed in 



the same position for the duplication of anotieflt card by the same punches, 
or by another arrangement of punches selected, by* a different card in the 
machine illustrated in Figs. 348 to 349. ^ 

Near the right-hand side of the machine is a lever L, Fig. 362, fulcrumed 
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at M. ^he upper and longer arm of the lever L is free, whereas the lower 
and shorter arm of the same lever is attached to the end of the rod N. 
The rod N extends to a point near the front of®the machine, where it is 
attached to the lower arm of lever 0, fulcrumed at P. A pin Q, projecting 
from^the rod N, is in contact with the flat-sided, nearly circular part R ; 
it has a flat part at one point of its periphery, and this disc R is in touch 
with the rails H. 

When the plate-carrier G is 
on the left, the circular part of 
the disc R is supporting the rail 
H ; but when the carrier G has 
passed beyond the roller A, Fig. 

352 (that is, when the card has 
been punched), the end of the 
carrier G comes in contact with 
the end of the upper arm of 
lever L. The end of the lever 
L is forced to the right, and this 
causes the lower and shorter arm 
to move to the left, and hence 
the pin Q, through the move- 
ment of the rod N, rotates 
slightly the almost perfect disc 
R and until the flat part is hori- 
zontal. 

The operation of placing the 
flat part of the disc R li%rizontal 
allows the rails H to descend 
slightly, and this enables the 
operative to withdraw the plate- 
carriage G freely and without 
the leather shield K coming into 
contact with the rotating rollei 
A. When the carriage G is 
nearing the left-hand side, the opposite end of the carriage comes in 
contact with the iree end of the lever 0, and hence the lower end of this 
lever causes the rod N to move to the right and to place the disc R in the 
position shown in Fig. 352 ready for the next forward movement of the 
plate-carriage G. 

As the punched cajds are removed from the carriage they are placed 
in the rec^tacle S ; one compartment mey be* utilised for thfe punched 
cards, as stjjbed, and the other compartment for a stock of blank cards. 
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It is obvious that the punched card mu^ be removed from thS plate- 
carriage G before another blank card can be introduced ; the card is 
removed in the following manner : The handle J, Figs. 355 and 356, is 



pressed dovmwards to lift 
the plate 4 until the^ends 
of the punches are with- 
drawn from the lower plate 
and clear of the punched 
Qard. Then a catch is 
moved to release the handle 
or lever T, and a pin pro- 
jecting from the upper sur- 
face of the lever T, and 
about midway between its 
ends, enters a slot in the 
card-slide U, and so enables 
the card-slide, with the 
punched card thereon, to 
be withdrawn when the 
handle T is moved slightly 
counter-clockwise about its 
fulcrum. The punched card 
is then rempved from the 
card-slide U, another blank 
card inserted in its place, 
and the handle T returned 
to ks present position tp 
carry the newly inserted 
blank card immediately 
under the punches in the 
punch-carrying plate 4. 

It will be understood 
that 8-row, 10-row, and 
12 - row jacquard cards 
will require different kinds 
of card-tslides U. Each 
card - slide is made so 
that it will fit the plate- 


carrier 6, and place the cafd centrally with rggard to the peg-holes of the 


plate. • 

Two special card-slideffare shown distinctly in Fig. 344, hanring against 
the wall. This illustration also shows clearly the leather shiqja K which, 
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as alr&dy stated, is tumed^down to cover the punches in the plate 4 
just before the . plate-carrier G is pushed under the rotating roller A, 


Fig. 366. 




This leather shield is open in Fig. 344, and is seen immediately under the 
above-mentioned two card-slides U ; it is also open in Fig. 351 . 



CHAPTER XVIII 

FINE-PITCH REPEATING MACHINES 

The piano macliine used for punching the holes in endless paper cards for 
the fine-pitch Verdol machine is illustrated and described in Chapter VIII. 
We propose now to discuss the machine by means of which the pilot set 
of cards punched on the above piano machine is utilised for duplication 
purposes in the fine-pitch repeating machine. 

A photographical reproduction of a fine-pitch repeater for endless 
paper cards is illustrated in Fig. 357, this particular view being taken from 
the back of the machine. This general view of the back, and the side 
opposite to the drive, illustrates quite well what might be termed the back 
harness with its heck, dingoes, and other parts, as well as the sliding part 
of the punch box. It also shows a great part of the arrangement provided 
for enabling the attendant to mount to the top of the main frame in order 
to place the pilot cards in position. 

The front harness is shown distinctly in Fig. 358, which illustrates 
the front of the machine, the front of the punch l^x, card reels or cages, 
and the driving arrangement. It will be observed that the front harness 
in this figure, as well as the bark harness in Fig. 357, occupies only two- 
thirds of the full capacity of the machine ; this is because, in the particular 
machine photographed, 880 needles and hooks were in use out of a total 
of 1320. The width is divided into three sections, as shown by the divi- 
sions in the punch box in Fig. 358, each» section of which contains 440 
needles aifd hooks. ^ 

The above two views will be referred to again later ; meanwhile we need 
only notice that in Fig. 358 there is a long vertical rod bld)ween the driving 
belt and the end of the main frame, and practically parallel to both, which, 
with other parts, provides means for conveying through the rotary move- 
ment of the main shaft add the up-and-dowpa Wvement of a cam bowl, 
the usual movements of the lifting griffe of the jacquard at the top of the 
structure. ^ 

The continuation of this lifting rod, or rather the lever to which it is 

Q7a 
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* attached, is shown in the bottom right-hand comer of Fig. 359. The last- 
mentioned lever is fulcrumed as shown on the heavy horizontal rod or shaft 


in the front of the jacquard. 
Two other levers, one at each 
sid^ of the jacquard, are 
fulcmmed on the same rod 
or shaft, and these serve to 
complete the connection to 
the two vertical rods which 
operate the griffe of the 
jacquard. 

As indicated, the illustra- 
tion in Fig. 359 shows the 
driving side of the jacquard ; 
the other side, which is 
slightly different, appears in 
Fig. 363. 

The side shown in Fig. 
359 illustrates the mechan- 
ism which causes the card 
cylinder to rotate inter- 
mittently, and which keeps 
it free from vibration after 
each movement is com- 
pleted — that is, when the 
part of the endless paper 
corresponding to a cafti has 
been placed in position under 
the short vertical selector 
needles of the V«rdol jac- 
quard. 

It is not intended to 
describe the jacquard fully 
at this stage, but we might 
mention the fact that 
the short verticcS selector 
needles are housed in the 



box in the upper part of 

the jacquard and immediately above the cylinder. The circular end 
of the cylinder is clearly seen with the roller of the spring-actuated 
lever (haigmer) in contact to keep the .cylinder motionless 'while the 
selection is. being made. A hole in the paper card below a selector 
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needle enables the end of the latter to enter^ while, on the other hand, a 
blank keeps the corresponding selector needle in the high position. 
These selector needles shnply place each row of horizontal needles in 

two distinct horizontal planes, 
so that some of the latter may 
be pressed back and others 
missed in order to place the 
hooks or uprights of the jac- 
quard in the desired positions. 
The particular way in which 
the two sets of cards in Figs. 
357 and 358 are actuated will 
be fully explained later. 

It will be understood that 
the endless paper cards, or 
rather the wide strip of paper 
with strengthening strips for 
the peg-holes, which has been 
prepared in the fine-pitch card- 
cutting machines, is passed 
over the cylinder of the jac- 
quard, while the blank endless 
strip to be punched or repeated 
for the same pattern is passed 
over a corresponding cylinder 
in the punch box in Fig. 358. 
On neither cylinder is the 
paper in position, because it 
would have covered part of the 
machine, hn Fig. 359, how- 
ever, the paper strip is shown 
over one of the guides and 
•between the two bars of the 
card or paper cradle. 

Tne front of the fine-pitch 
repeater, corresponding to 
Fig. 358, is illustrated in the 
line drawing in Fig. 361, while the method of driving the griffe of 
the jacquard is shown iir Fig. 360. The ^rftmework of the machine 
is in two parts, the high or main frame A, Fi|^. 361, aiid the supplementary 
or low outstde frame B ; these tyo parts are kept in their vertical positions 
by the compound rails C and D. The actual driving parts of the machine 
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are supported in suitable besji^ngs, and, as shown, between the two frames, 
while the drive is obtained by a type of friction clutch. On the end of 
the main shaft E, and outside the supplementary frame B, is the balance 





Fiq. 359. 


and hand-wheel F, while a belt coming from the line-shaft shown in Figs. 
357 and 358 communicate ihe power to the Hanged pulley G, Fig. 361, 
The horizontal arm H, .‘^een best in the end elevation in Fig. 362, and the 
vertical arm J, Fig. 361,* ar5 compounded and*fulurumed at K, and the 
machine inoperative when these parts are in the above-mentioned 
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positions. When, however, the end of the Ijandle H, Fig. 362, is ^pressed 
downwards, the upper end of the arm J, Fig. 361, moves slightly towards 
the operator or reader, antd is thus withdrawn from contact with a project- 
iiig piece L cast on, or preferably fixed to, the side of the, clutch plate M. 
On the other face of the clutch plate M is a projecting piece adapted 
to be withdrawn from, or to enter in, a recess in the inner face of the flanged 
pulley 6. This arrangemei^t enables the upper part of the powerful flat 
spring N, fixed at 0, to slide the clutch plate M on the shaft, and to press 
th*v3 part sufiiciently far into the recess in the inner face of the flanged 
pulley G to enable the latter to drive the clutch plate M and the shaft E. 
Conversely, when the handle H is raised to the present position. Fig. 
362, the curved part of the upper end of arm J, Fig. 361, is placed in the 
path of the projecting piece L of the rotating friction plate M, and the 
piece L is thus caused to slide down the curved part of the arm J and to 
withdraw the clutch plate M and the part from contact with the inner 
face of the driving pulley G. Provision is made to stop the belt from 
rotating if for any reason such a condition is desired. 

On the same shaft E, Fig. 361, are two cams P and Q ; the cam P with 
its connections drives the jacquard at the top of the frame, while the cam 
Q communicates motion to the sliding part of the punch box. The front 
part of the punch box is situated immediately behind the three openings 
R, S, and T, while the gutter U serves to catch and guide the cuttings or 
small discs punched from the paper strip into the large box V. The front 
comberboard is shown at W, while the framework X supports all the rods Y, 
Fig. 362, and the latter serve as fulcra for all the wire levers Z. An enlarged 
view of one wire Z and its fulcrum rod Y is shown in the detached view 
on the left of Fig. 362. All these parts shall receive consideration shortly. 

In the grooved path of the cam P, Fig. 360, shown 90'^ farther round, 
with respect to Fig. 361, is an,finti-friction roller 17 running loosely on a 
stud near the upper end of the bent lever 18 fulcrunved at 19 ; see also 
Fig. 362. The long connecting-rod 20 is attached to the outer end of 
lever 18 and to the long and outer arm of lever 21 fulcrumed on the shaft 
22. This is the shaft shown clearly in the foreground in Fig. 359. The 
shorter and inner arm of lever 21, Figs. 360 and 362, is attached to the 
vertical rod 23, and the latter is adjustably attached to the lower end of 
the bent part 24. The upper end of the bent part iw attached to a pin 
projecting from the side of the slide 25, which is guided in its up-and-down 
movements by the bracket 26, Figs. 360 and 361 ; see also Fig. 359. It 
will be understood that the inner part of 21^ and parts 23 to 26 inclusive 
are duplicated at the other side of the jacquard, apd that the two sliding 
bars 25 ate attached directly to the grifie frame 27, within which are the 
sixteen knives 28, Fig. 362. 
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The above-mentioned dtiplicated parts are illustrated in Fig. 363, 
which is an enlarged view of the jacquard at the opposite side to the driv- 
ing. The hooks or uprights shown are really those belonging to the last 
row of the maehine, but they correspond to the positions of Nos. 1 to 16 
at tfee other side of the machine, and have been marked as such. These 
hooks are operated in the usual way by horizontal needles, and need npt 
be discussed here. They are placed in position, however, by a series of 
short vertical selector needles housed in the box 29. 

An enlarged view of one of the hooks, say No. 1, appears in Fig. 364. 
A lath 30 passes between the two wires of each hook in a long row, and 
thus serves to keep the upper bends of all the hooks in that particular 
row facing the knives 28 and the cylinder. A twisted cord 31 is attached 
to the bottom bend of the hook or upright, and then a cord 32 (often a 
wire) joins the cord 31 to the weighted piece 33. Lastly, the cord 34 
attached to the bottom of the weighted piece 33 is the usual harness cord, 
which stretches in this case direct to the lingoe 37, Fig. 362. 

Each lingoe 37, Fig. 362, is connected to two cords : one cord, 34, 
passes, as stated, direct to the bottom bend of the hook in the jacquard ; 
while the other cord, 38, is connected to the bend 39 of the wire Z fulcrumed 
at Y. (See the large detached view on the left of Fig. 362.) To the other 
end 40 of the wire Z is attached a cord 41, and this cord is under the in- 
fluence of one of the front lingoes 42. There are intermediate parts between 
the end 40 of the wire Z and the lingoe 42, but these will be discussed in 
connection with further illustrations. In the meantime, it will be seen 
that all the back harness cords 34 pass between alternate pairs of glass 
rods 43, while the cords 38 from the end 39 of wire Z pass between the 
other alternate glass ro(k 43. All these glass rods are housed in the upper 
back heck 44, and the latter is supported by the brackets 45. The lingoes 
37 pass between the iron rods 46 of the l»)ttom back heck 47, which is 
held in position by 4he brackets 48. 

From the parts illustrated in Fig. 362 it will be observed that when 
any hook 1 to 16, in the rcAv illustrated, or in any other row in the jacquard, 
is lifted by the knife 28 to the high position indicated by the upper knife 
28 in Fig. 364, the corresponding harness cord 34 and lingoe 37, ^’ig. 362, 
will be raised. Simultaneously, the cord 38 exhibits a tendency to become 
slack, and this sla^ is immediately taken up by the gravitational action 
of the front lingoe 42. This obviously causes the wire Z to rotate slightly 
counter-clockwise as the cord 41 and the lingoe 42 descend. 

The jacquard itself, whi^l%is of the Verdol t^pe, is represented in Fig. 
362 by the dotted*ft5ct8,ng|le 49, and is sup])orted a^ shown by two pairs 
of plates 50 and 51, at right angles to each •lher,*and adjustably mounted 
for height on^the screws 52 rising from four substantial brackets 53. Two 
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of the brackets 53 are provided with bearings for the heavy shaft 
22. The whole is supported by the long back rails of the frame A 
and by the columns 54. Most of these parts appear on a larger 
scale in Fig. 306, and this view also shows that when the grifEe 27 
is raised the bulged portion of the slide 25 forces out the anti- 
friction bowl 55 of the lever 56 fulcrumed at 57. This action 
causes the rod 58 to push outwards the slid^ 59, which, in virtue 
of the oblique slot 60, causes the short vertical indicator needles in 
box 29 to be raised slightly in order, as well as in time, to allow 
clearance between the bottom ends of the vertical needles and 
the card or paper 61, when the latter is carried partially round 
by the movement of the cylinder 62. 

The strip of paper 61, which has been punched in the fine- 
pitch piano jnachine according to the required design, and which 
therefore acts as the pilot set on the repeater, passes, as shown. 


^387 
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over the guide pulleys 63 supported in thfc slots in the upper ends of 
brackets 64. The lower ends of these brackets 64 are secured to the 
c cradle 65. 

In the general and enlarged view in Fig. 363 the cylinder <52 is in position 
with the vertical needles clear of the paper 61, but ready to pass through 
the holes or to be held up by the blanks or uncut portions immediately 
the griffe 27 descends. * 

, The pivots 66 of the cylinder 62 rest in suitable bearings in the brackets 

67, which are hooked 
as shown to the pins 
68 in the jacquard 
frame. At the other 
69 end of the bracket 67 
53 is a smajl roller 69 
which acts as a guide 
for the paper strip 61 
as the latter is ap- 
proaching the cover 70 
of the cylinder 62. At 
a point between the 
two ends of the bracket 
67 is a projecting rect- 
angular piece 71, while 
a corresponding recess 
is formed in the arm 
72 fulcrumed loosely 
on a pin 73 which pro- 
jects from the side of 
the needle box 29. 
W^ien the rectangular 
piece 71 is within the 
recess of the arm 72, 
Fig. 365, it is held 
securely in that position by tightening the scre^^ 74. After the repeating 
has been completed and it is desired to remove the pilot strip of paper 
61 from the cylinder 62, the screw 74 is slackened anJ' the arm 72 pulled 
to the right to sever the connection between the rectangular part 71 and 
the recess in the arm 72. When this is done, the bracket 67, with all 
its parts, may be placed in the position indicated in the lower part of 
Fig. 365^ in virtue of the bracket 67 being fref. to rolate partially on the 
pin 68. ^ 

The paper strip to be cut, or repeated, as it is termed, is drawn forward 
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by tb^ pins or pegs in the (^scs 75, Fig. 361. These discs 75 are spaced 
on the shaft 76, the shaft itself, as well as its companion 77, being rotated 
intermittently by the action of the sliding catohes 78 on the wires of the 
squirrel cages '^9. 

The wires of the squirrel cages 79 are fixed in the discs 80 (see Fig. 367), 
and these, together with the driving discs 75 and the shafts 76 and 77, 
constitute the two cylinders which move, forwards or backwards, the 
strip of paper to be duplicated. 

The shaft 81, Fig. 361, carries four short-hooked levers 82. To cne 
end of each lever is a spiral spring (not shown), and cords pass from these 



levers to place the punches for the peg-holes in or out of action. A lever 
fixed on the end of the shaft or rod 81 can be turned through approximately 
90 degrees to rotate the rod invo^either the on or the off position. 

The reproduction in ^ig. 3G6 is a specially prepared photographical 
view, on a large « 5 ale, of the mechanism which operates the paper to be 
cut or repeated. The pilot set of cards — or, rather, the length of paper — 
cut on the fine-pitch piano machine, passes to the jacquard of the fine-pitch 
repeater, as indicated bj* tj^6 numbers 61 in Fig. 363. This fine-pitch 
jacquard of the rjpealjpr, as already pointed out, lifts the cords 34, Fig. 362, 
as well as the ccrds 38 thfs dual operat^jon results in the lingoes 42 de- 
scending £ 01 ^ placing in position the cords so that the repeating or copying 




390 JACQUAEDS AND HARNESSES ' ohap. 

of the design on the pilot cards, or paper 61, ^g. 363, may be transferred, 

' or, rather, repeated, on a new set of cards or paper. The exact way in 
which this latter operatioL is performed has not yet been explained, but 
' the actual cutting or punching is performed immediat^y behind the 
mechanism illustrated in Fig. 366, or, rather, in the space behind ^and 



between the two rods 76 and 77, Fig. 367, and while the paper is in the 
vertical position. 

It will be seen on referring to Fig. 366 that the horizontal or upper part 
of the paper is uncut, whercftis that part whicb^s ‘descending from the lower 
part of the mechanism is perforated, and will be in /;he*&ttme order as the 
cutting on*'the paper which happens to be in work on the cylinder of the 
jacquard. 
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As previously mentionedj^the small paper discs which are punched out 
of the paper sheet slide down the inclined planes R, S, and T, Fig. 367, 
and into the horizontal gutter or spout. (See Fi^. 366»also for these parts.) 
The discs are periodically drawn forward by hand, and ultimately pass 
dowp the inclined gutter U 
into the box V. The box V 
is shown broken in Fig. 307 
for the sake of space. The 
position of the rods 76 and 
77, Fig. 367, can be adjusted 
laterally by means of the 
set-screws 83 and their lock- 
nuts. 

■ At the other end of the 
rods 76 and 77 are the two 
squirrel cages (with their 
pins) 79 ; these have to be 
operated simultaneously by 
means of sliding catches, 
the back part of one of 
which is shown at 78. The 
method of operating these 
squirrel cages will be ex- 
plained shortly ; meanwhile, 
it will be seen that part of 
the cams P and Q, Fig. 361 , 
is shown in Fig. 366. • In 
addition, the bell - crank 
lever 18 and the rod 20, 

Fig. 361, are clearly visible 
in Fig. 366, and so is the 
spring N, Fig. 361. It mW 
be remembered that it is 
this spring which acts on 
the clutch mecjianism fo 
stop the machin# always 
at the same point of its 
angle or rotation. 

Special and enlarged vi«ws bf these two cam% P and Q are shown in Figs. 
368 and 369, wh 0 f#the solid ^lack parts represent the recessed cams which 
operate the anti-friction* bo Vis and theij levwrs. Although both cams 
revolve in the same direction, the cam P is viewed from the belt side of the 



Fig. 369. 
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machine, whereas the cam Q is viewed from tjie other side of the machine. 
Hence, in Figs. 368 and 369 the directions of motion are counter-clockwise 
aud clockwise respectively^ as indicated by the arrows. 

The position of the anti-friction bowl, which is operated, by the cam P, 
is not shown in Fig. 368, but its position is plainly indicated by the nurpber 
17 in Fig. 360. Two anti-friction bowls are operated by the cam Q, Fig. 369, 
and the positions for these two anti-friction bowls are represented by num- 
bers 84 and 85. The cam Q thus operates two different levers, one for 
moving the lever for the slide catches, and the other for moving the knife 
block or back heck, the part which operates the punches and so causes the 

latter to perforate the sheet of 
paper at the proper places. 

The mechanism by which 
the punches are operated to 
perforate the paper is illus- 
trated in Figs. 370 to 373. 
When the cam Q rotates clock- 
wise, as indicated in Fig. 369, 





Fig. 370. 


and when viewed from the frame side opposite the driving in Fig. 361, 
the box cam, shown in solid black, will forces the anti-friction roller 
84 to the right, Fig. 370, or towards tlje front of the machine, and 
will, in consequence, force the lever 87, fulcrumed on the rod 88, to the 
right. The rod 88 (see also Fig. 371) extends* across the machine and 
carries two shorter levers, one only being shown at 89. iThe upper ends of 
these two levers 89 enter recesses in the knife block or back heck 90. The 
knife block is thus caused to move forward in its slides a short distance for 
each revolution of the cam Q. This movement effects the cutting of the 
paper— an operation which will be explained full^ iftfc.connection with 
another d*awing. Before ^describing this, hdwefer, it is advisable to ex- 
plain that the same cam Q will, at a later moment of its rotation* also move 
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the anfl-friction roller 85, Fig^ 370, to the left. Hence, the levers 91 and 
92, fulorumed at 93, will cause the anti-friction roller 94 (see also plan 
view. Fig. 372) to act upon the left-hand end of fever 95, fulcrumed at 96i 
This lever is provided with a handle 97, which is clearly visible in the 
forigfound of Fig. 366. 

' Referring now to Fig. 373, which is a detailed view of the corresponding 
parts in the foreground of Fig. 366, and viewed from the pulley side of 
the machine, it will be observed that the handle 97 of the lever 95 is placed 
similarly to the same part in Fig. 366, but at the opposite end to what 
obtains in Fig. 370. The lever 95 in Fig. 373 is shown only to a point a 
little beyond its fulcrum 96, but a full view is exhibited in Figs. 370 and 
372. When the cam Q, Fig. 370, has made approximately half a revolu- 
tion from its present position, it will 
impart movement to the levers 91 and 92, 
through the anti-friction bowl 85, and 
hence the left-hand end of lever 95 will be 
forced downwards and its right-hand part 
raised. Consequently, the flat rod 98, 
attached at 98^ to lever 95, will be raised 
through a certain distance, and then 
brought back to the position indicated in 
the figure. Par^only of the flat rod 98 is 
illustrated in Fig. 370 ; the function per- 
formed by it will be understood by reference 
to Figs. 366 and 373. 

The flat rod 98, Fig. 373, moves verti- 
cally under the influe«ice of the above- 
mentioned parts in the slides 99. At the 
upper end of the flat rod 98 (see Figs^ 

366 and 367) is fi}^d a stud 100, and upon its reduced end supports, 
swingingly, the two catches 78 and 78^ (see Fig. 373). A brass plate 
101 is fixed by screws J02 to the upper part or bridge-piece of the 
two catches 78 and 78^ and from this brass plate 101 project two pins 
103 and 104. A centre projection depends from the bridge-piece of the 
two flat rods 98, this depinding piece being visible only in Fig. 366, A 
second stud 105, lag. 367, is fixed to this depending piece, as shown in 
Fig. 366, and projects between the upper parts of the two arms of the 
catches 78 and 78^. Upon the end of this stud 105 is placed the handle 
106, Fig. 373, and held*inf)osition by the screw 107. This handle 106 is 
used to determinti'whigh of tne two catches 78 or 78^ shall act upon the 
pins 79, Fig. 367, of the squirfel cages or c^lindecs, the end-plates or discs 
80 of which* are adjustable, as shown in Fig. 373, by means of the slots 108 
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and the screws 109. A small flat spring IIQ is secured by its upper part 

to the handle 106, while the inner side of the flat spring 110 is provided 
with a small dome«shapeJ projection adapted to enter into any one of 
the three small recesses 111, and so hold the handle 106 for the time being 
securely in any of the three positions. , 

The dome-shaped projection of the flat spring 110 is at present in the 
le^’t-hand recess, with the Jiandle 106 resting against the stop-pin 103. 
When the handle 106 is in this position, the right-hand lobe at the bottom 
and broad part of the handle keeps the right-hand catch 78^ clear of the 
pins 79 of the cylinder in virtue of the hump 112, and at the same time the 

left-hand lobe of the broad 
r E 1 part of handle 106 allows the 

left-hand catch 78 to come 
into play against the pins 79. 
It will thus be seen that when 
the flat rod 98 is raised as 
explained, the two projecting 
parts of the catch 78 will 
simultaneously take hold of 
two pins 79, one in each 
cylinder, and rotate the cylin- 
ders one-ninth of a revolution 
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clockwise. This movement on the part of the two cylinders will draw 
forward the paper sheet, Fig. 366, a distance equal to the pitch of the 
cards, or, rather, the paper-strip equivalent of a card. 

When* the handle 106 is in the vertical position, as indicated by the 
dotted outline of the handle in Fig. 373, both catches are out of action. If, 
for any purpose, it is desired to reverse the direction of ffee paper, this may 
be done by placing the handle 106 in the right-hand position and against 
the stop-pin 104. The two catches 78 and 78^ are joined by a spiral spring 
113, which brings the actite catch for the fi^^e^being into position after it 
has been forced outwards during its downward mo’^jemRti by the pins 79. 

Two Uell-crank lever! 114 and 115 (see also Fig. 366),^ fulcrumed 
respectively at 116 and 117, have the ^nds of their long arm^ joined by a 
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spiral spring 118. Rods 119^and 120 are attached by nuts to the bell- ‘ 
crank levers 114 and 115, and their forked ends 121 and 122 support, by 
m6ans of pins, the bowls 123 and 124. These bowls sest between two of 
the pins 79, and serve as spring hammers to keep' the two cylinders per- 



Fiq. 373. 

fectly stationary after they have been partially rotated as described. If, 
however, the short lever 135, ftilcrumed at 126^ be placed vertically, the 
long arms of the bilkcrank levers 114 and 115 will be moved up and down 
respectively, extending the*spfing 118, whilf thetshort arms of Wers 114 

and 116 wilfbe moved towards each other so as to withdraw the bowls 123 

• • 
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and 124 from contact with the pins 79, in ^which case the two cj^linders 
may be rotated quite easily and thus enable the operator to withdraw 
the paper or move H f orchard quickly. Slight adjustments of the paper 
strip on the cylinders, in either direction, may be effected by means of 
the handle 97, Figs. 366, 370, and 373, provided that the proper catch 78 
or 78^ be placed into the active position. 

' The squirrel cages or cylinders are in duplicate, as illustrated in Figs. 
366 and 367 ; the pins 79 of the outside pair are acted upon by the catches 



78 and 78^, while the pins of the inside pair wo^k in conjunction with the 
rollers 123 and 124, Fig. 373, of the spring hammers. 

Fig. 374 illustrates the chief parts of the driving mechanism as viewed 
from the back of the machine ; it also showV» the positions of the two 
main cams P and Q, Figs. 368 and 369, and the back Wers from the latter 
which operate the lever 95 fully illustrated in Figs. 370, 372, and 373. 

Further details of the cams P and Q and their connections to the various 
levers appear in the plan "dew in Fig. 375.^ This view also shows the plan 
view of the peg wheels 75 with their covers, the froBL^ comberboard W, 
t'^nd a part of the back. comberboard 44. The three large numbers 448 
^^^^the three divisions of the comberboard W show that the total capacity 
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of the machine is 448 x*3 = 1^4 cords ; while the disposition of the hotes 
in the comberboard is exhibited partly by two front and two back short 
rows of eight, and the complete front and back Icng rows. 
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The holes in the front comberboard W are staggered as shown, whereas 
the holes in the back coml*r]j(Jard 44 are in straight rows in both directions. 
Between each p^(fPof Jong rows in the back comberboard 44 is a glass rod 
(see 43, Fig. 376 and Fig. 362)*. In Fig. 37(; a small part only ofthe comber- ^ 
board 44 is ^hown, while immediately above this plan view is an elevation 
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of the back of the comberboard 44 with the^arts ’127 and 128 which serve 
as supports for the series of glass rods 43. This view also exhibits the 
arrangement for supportmg the bottom heck 46 and 47, the latter heck 
being used as a guide for the flat li'ngoes (see Fig. 362). , 

We shall now illustrate the method of operating the punches yhich 
pierce the paper strip illustrated on the left of Fig. 366. It has already 
bfeen shown in Fig. 362 that the cords 41 pass through the front comber- 

board W, and that the 
lingoes 42 are attached to 
their lower ends. The 
comberboard W is repro- 
duced on a larger scale in 
Fig. 377, and sixteen 
cords 41 descend to the 
lingoes 42, part of the 
length only of which is 
illustrated. 

Eiglit of the cords 41, 
Fig. 377, are shown in 
rope form, and eight are 
in line work ; this dis- 
tinction (is to show that 
the cords form two of the 
staggered rows (see plan 
view, Fig. 375) ; they are 
also drawn much thicker 
than they actually are. 
The harness cords 41 pass 
between two brass plates 
129 ai^d 130. Each of 
these plates contains as 
many holes as there are 
Fig. 376. . harness cords 41 in the 

• comberboard W — i.c. 1344 

—and the disposition of the holes in the plateS 129 and 130 is exempli- 
fied by four complete rows in each case in Fig. 378. She two plates are 
secured to the block 131 (see Fig. 379), and this block, in conjunction with 
a similar block at the opposite side of the machine, provides the slides for 
the sliding blocks 132. # * • * 

The back parts of the sliding blocks 132 are hel^ bj^e knife block or 
back hect90. Fig. 377, and may be adjusted to 'position, horizontally and 
vertically, by the screws and lock-nuts.^ At the front of the s|ij[ing blocTffl 






through a short distance by means of the mechanism illustrated in Figs. 
370, 371, and 372. The u]ipei^art of the short lever 89 enters a recess in 
the knife block oH&acjc heck yO, so that as the cam Q rotates as indicated 
by the arrow the back heck^O, Fig. 377, ^is first moved to thWight and 
then back*again. These two motions obviously take place every revolu- 
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ti6n of the cam Q, Fig. 370. The knife block or^back heck 90, Pig. 377, 
is shown in section in Figs. 381 and 382, ^ut the adjusting screws are 
omitted. It will b^, seenrfhat there are 16'short knives 134, the outer end 
of each of which has a <-shaped^recess. Sixteen punch ^eedles 135 are 
bent as shown, and their extreme left-hand ends are < -shaped. ^ The 
extreme right-hand ends of the punch needles 135 are supported by the 



Fig. 378. Fig. 379 


needle plate 133, while the left-hand ends are supported by the brass plates 
129 and 130. The punch needles 135 are kept in their ^proper' positions 
by the slots above the holes in plate 130, Fig. 378. 

If the punch needles occupy the positions indicated in Fig. 381, the 

short knives 134, when 
carried forward by the back 
heok 90, will push the 
punch needles 135 to the 
right. Eight of the punch 
needles J35 are shown com- 
plete in this figure, but the 
rernaining eight are cut off 
because of the difficulty of 
. Fig. 380. illustrating all the sixteen 

ifi the needle plate 133. 
The actual punches 136 are located in the plates 137, and the small ends of 
the punch needles 135 are exactly opposite the heads of the actual punches 
136, while the paper strip 138 to be cut passes between the right-hand 
plate 137 and the punch plate 139. • « * 

In Fig. 382 the < -shaped ends of two punch needl«»el35 occupy posi- 
tions opposite the spaces^ between the knivbs 1*34, while the three lower 
punch needles are opposite the < -shaped ends of the knivjs* 134. The 
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knife Block 90 is supposed tcjjiave moved to the right until the knives 134 
and the punch needles 135 are almost in contact. Any further movement 
of the knife block and knives to the right will c#use the lower three punch 



needles to be pushf^ to tie right, and their small right-hand ends vjpuld, con- 
sequently, push forward the actual punches >36, t^e cutting ends of which 
would pass thiough the paper strip 1^8 and into the fixed punch plate 139. 


2 D 


Fig .382 
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The left-hand ends of the two upper pu^ch needles 135 would, simul- 
taneously, enter between the knives 134, and these two punch needles 
would remain undicturbeft, and so would their respective actual punches 
136. It will thus be clear that the paper strip 138 would Jbe cut at those 
points represented by the sliding movement of the punch needles-^ 135, 
T^ereas blank or uncut portions of the paper strip would appear opposite 
those punch needles which are not actuated by the knives 134. A plan 
view of one of the punch needles 135 is shown detached at the bottom of 
Kg. 382. 

The action of the selecting mechanism is as follows : The pilot paper 
61, Fig. 363, effects the selection of the vertical needles of the Verdol 
jacquard, so that all hooks actuated by the horizontal needles of the 
jacquard, due to the selective agency of the short vertical needles, will 
be raised or left down according to whether holes or blanks appear on the 
pilot paper 61. Those hooks which are raised, due to holes in the pilot 
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paper, raise the corresponding harness cords 34 (see Fig. 362), together 
with their lingoes 37. The upward movement c4 a lingoe 34 enables the 
corresponding lingoe 42 to descend and to take up the slack harness 38 
as demonstrated. Hence, the harness cord 41, Figs. 377 and 381, would 
descend. 

In Fig. 381 it is assumed that all the cords 41 illustrated have descended 
to their lowest position, and that this action wis due to the fact that two 
rows of eight, or sixteen holes in all, appeared in the pilot paper 61*, Fig., 
363, and that consequently, when the corresponding 16 harness cords 34 
were raised, the 16 harness cords 41, Figs. 3fe and 381, would descend, 
because the upper and lower stretches of harness cordaare attached to the 
punch needles 135, a hole being left in the needle purposely to enable the 
harness cords to be attached to the punch needle. A^en the 16 hai;ne8S 
cords 41 descend, the <*8haped ends of ai^ th3 ife punch needles 135 will 
descend and occupy the position as illustrated igimedUtely opposite the 
<-8hap#i ends of the imives 134. Under such conditions, all the 16 
punches would be pushed to the right, and 16 actual punches 136 would 
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be forced tbrough the paper «trip 138, so that the repeated paper would 
be identical with the pilot paper 61 in thgse two rows, and, of course, in 
all the other rows according to the blanks and h(fles in the pilot set. 

"When the paper strip is placed on the pegs of the cyliilders 75* it con- 
tain* peg-holes which correspond to those which the dotted lines cross'" 
in the paper strip 140, Fig. 383. These holes are necessary to enable the 
uncut paper strip to be carried intermittently forwards or backwards, as 
the case may be, by the catches 78, Fig. 373. 

Special punches, similar to that shown at 141,oFig. 384, have three 
punches which are utilised to punch three successive holes in each of the 
three reinfo’fced strips of each card equivalent. These three holes, or 
nine altogether in each card section, are cut simultaneously with the holes 
for the design. It will be understood that three of these triple punches 
141 are alw^ays in position for two of the knives 134, Fig. 381, to push 
the punches forward for every card. If for any reason the triple punches 
are required to be out of action, they may be raised so that the two 
< -shaped prongs on the left of 141, Fig. 384, may enter between the 
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knives 134, Fig. 381. This withdrawal of the triple punches is accomp- 
lished by the parts 81 and 82, Fig. 361. 

One of the latest fine-pitch repeating machines for endless paper cards 
is that illustrated in Fig. 385. It occupies much less space than the 
machine just described, ^nd has the distinct advantage of being without 
harness cords of any kind. 

The pilot set of cards, or, rather, endl%3S paper, is cut as usual on the 
fine-pitch piano machine. The paper strip upon which the duplication has 
to be made is shown at 138, Fig. 386. This part of the machine is prac- 
tically identical with the*corresponding part in the foregoing machine, 
and the method by means of which the operation is performed is demon- 
strated in the sectional vie^ of th* chief parts in Fig. 386. 

The pilot endless strip of paper 61, instead of being placed over the 
cylinder 62 and th® cover 70 of a fine-pitch jacquard, as in Fig. 363, is 
passed over a similar cylinder 62, Fig. 386. In the latter case, however, 
the cylinder not only rotates, but is raised and lowered for each card 
equivalent. The paper strfp ii held in position *by the usual pegs on the 
cylinder 62, and f^assestov^er tjie cover plate 70 so as to clear the ends of 
the vertical needles 142. Two vertical needles ohly are shown, but it will 
be understood that there are 16 in ^o staggered rows to correspond with 
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the cards, etc. Each vertical needle 142 <controls a horizontal presser 
rod 143, the right-hand end of, which is provided with a head tb come, 
when required, into contact with the left-hand end of its corresponding 
punch needle 135. The right-hand ends of the punch needles are adapted, 
when moved, to strike the heads of the actual punches 136, and tocforce 
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them through the paper strip 138 which is in process ot being duplicated 
according to the holes and blanks in the pilot papef strip 61. 

As illustrated in Fig. *^386, the vertical iiedfiles 142 are in their lowest 
positions,»being supported in that position ^r the^timPtffeing by the hooks 
at their upper ends and l!he h(fok-rest 144. When the cylindef 62 has been 
turned to place a new card equivalent under the lower endsiof the vertical 
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needles 142, the cylinder 62 an^ paper 61 are raised until the card equivalent 
of the paper is gripped between the cover 70 and the grid 145. 

If two holes in the pilot card happened to b^opposite the two vertical 
needles 142, illustrated in Fig. 386, the ends of the vertical* needles would 
passjihrough the holes in the card 61, and the vertical needles would 
remain undisturbed. Then, when the back heck 90 with its knives 134 
was forced to the right, the knives 134 would push forward the presser rods 
148, and the heads of the latter would, in turn, push forward the punch 
needles 135, and ultimately the actual punches 136 wojuld be forced through 
the paper strip 138 and into the holes of the punch-plate 139. 

If, on the other hand, blanks in the paper strip 61 appeared under the 
lower ends of the vertical needles 142, the latter would be raised, and their 


138 





loops or bends would raise the left-hand ends of the presser rods 143 and 
thus would take them out of the path vj the knives 134 as the latter 
were advancing. • 

A considerable number of designs which are prepared for the fine-pitch 
repeating machines, and al^o by the fine-pitch piano card-cutting machine, 
are intended for the twilling jacquard looms. As a matter of fact, fine- 
pitch jacquard machines aje rarely used unless the unit pattern contains 
a very high number of threads. It need hardly be said, however, that the 
use of these fine-jftch machines always means economy at least in the 
weight of paper used. But, speaking generally, the designs on 200 to 
600 hooks and needles are produced most largely in these islands by means 
of the ordinary-pitch, i.e. British-pitch, jacquards. The development of 
patterns on, say iSOO •to^24(Jp needles by Britisli pitch machi^ies means 
a considerf|J)le outlay in paper cards ; gmd if the twilling jacquards 
were not used for such patterns, the outlay would be enormous, 
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and probably prohibitive for the bulk of Ijiese high-class figured textile 
fabrics. 

For the flat trcatmeht of de|iigns, say damasks woven in twillmg 
jacquard looms, there need not be any weave inserted on th^ design paper ; 
hence, the cutting iz comparatively simple, and so is the repeating.^ On 
t![ie other hand, the weaves which can be used, and inserted mechanically 
by the twilling jacquard, are limited, and really restricted to two, unless 
some slight mechanical alteration is made in the machine itself. 

In the silk trade ;t might be advisable to use a certain fixed type of 
ornamentation on a number of different fabrics, and in each case to alter 
the weave in the figure as well as the weave in the ground, v Where such 
treatment is anticipated or desired, a machine similar to that illustrated 
in Fig. 387 would probably be useful. In general appearance this machine 
appears very similar to that illustrated in Figs. 357 and 358 ; while the 
jacquard on the right of the machine in Fig. 387 is identical with that m 
Figs. 357 and 358, and shown independently in Figs. 359 and 363. 

There is only one jacquard in the machine illustrated in Figs. 357 to 
363, but in Fig. 387 there are two jacquards mounted on the framework 
and connected by harness cords, as shown, to the lower parts of the 
repeater. The left-hand machine is a 600’s coarse-pitch jacquard. 

The two jacquards in Fig. 387 may work in unison, as will be /explained 
shortly, or they may work separately. Thus, if an endiess set of paper 
cards, which has been punched on the fine-pitch piano machine, required 
to be copied or repeated, the endless set would be placed over the cylinder 
of the fine-pitch jacquard on the right. The machine would then be 
started and the repeating process would be identical with that described 
in connection with Fig. 362. If, however, it is desired to make a fine-pitch 
endless paper duplication of a set of ordinary 600’s jacquard cards, the 
latter are placed over the 4-sidgd cylinder of the coarse-pitch jacquard on 
the left of Fig. 387. The harness cords from this machine are attached 
to the lingoes in the large frame, and hence, when they are lifted, the 
oblique cords would be lifted as well, or rathef slackened, and the front 
punches would take up this slack and thus place the cutting or punching 
apparatils into the desired position for, duplication on the endless-paper 
cards. 

The machine in Fig. 387 is thus capable of repeating fine-pitch sets of 
paper either from a similar fine-pitch set or from an ordinary coarse-pitch 
set. And, if necessary, a third machine, say. a niedium-pitch madiine of 
the Vincenzi type, could be placed alongside thte two in Fig. 387, and then 
fine-pitch^uplications could be made from^an;^ of thfttree distinct sets 
mentioned, or from any* other pitches, provided that the cgrresponding 
jacquards were mounted on the frame,of the repeater. 
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BuT; to return to om* first jsonsideration of endless-paper cards cut from 
designs on which no Veaves occur, but which are composed of solid- 
painted masses and unpainted areas. This aidlessspaper set of cards 
could, naturally, be used as a pilot sit for duplication b^ placing it, as 
already mentioned, on the cylinder of the right-hand^jacquard in Fig. 387. 



Fig 387. 


^The resulting sel} would be suitable for a twilling jacquard loom weaving 
common hanlfeBs damasks, for certain kinds of quilts if a fine-pitch machine 
could be adapted for Such w^k, and for similifr fabrics where the weaves 
are inserted inta the jloth by special mechanism or apparatus independ- 
ently of the jacquard carfls. * 

In adcfltion to its faculty for the aoove worK, ttie repeatmg macnine 
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illustrated in Fig. 387 is adapted for producing tull-hamess desi^s on 
an endless sheet from a similar endless sheet which has been punched from 
a weaveless point-p^per design. ' 

Fig. 388 is .a sectional and partly diagrammatic view qf the essential 
cords, lingoes, etc., the machine illustrated in Fig. 387. In the foj*mer 
figure several of the parts are practically identical with the corresponding 
parts of the Verdol fine-pit;ph repeater, and particularly with reference 
to Fig. 362 and Figs. 377 to 384. The extra parts which appear in Fig. 
383 are the diagrammatic indication of a coarse-pitch jacquard on the 
upper left-hand side of the illustration, and the looped cords below the 
back heck 44. The back lingoes in Fig. 388 are marked 37\ ‘nstead of 
37 as in Fig. 362 ; but this is because the former fulfil a more extended 
function than the latter. The dotted area between the top and bottom 
front comberboards W and represents the right-hand ends of the punch 
needles 135, which in reality taper, as shown in Fig. 381, but in tlie opposite 
direction, towards the needle plate 133, in order to occupy the narrow 
limits at the points where the latter pierce the paper strip 1 38. 

The object desired in the machine and diagram illustrated in Figs. 
387 and 388 is to cause the vertical harness cords 41 to fall a short distance 
only when both cords 146 and 34 are raised by the two jacquards. This 
is accomplished by the method of connecting the cords to the bottom 
lingoes 37 ^ In the somewhat similar arrangement for tiie Verdol fine- 
pitch repeater (see Fig. 362) it will be found that there are only 16 back 
lingoes in a short row ; in Fig. 388, however, there are 32 back lingoes. 
For each group of three cords, 38, 146, and 34, Fig. 388, there are two 
back lingoes 37 ^ 

The arrangement of all the cords to the necessary parts is shown in 
full in Fig. 388 ; but in virtue of the necessary photographic reduction 
it will be difficult to follow all the parts distinctly, and especially tho6e 
below the back heck 44. Hence a much-enlarged view of one group of 
cords, with the diagrammatic attachments, is introduced in Fig. 389. 
These three cords, 38, 146, and 34, are distingifished in the latter view 
by different kinds of markings, and part only of the length of each lingoe 
37^ is shown. 

It will be seen that the central cord 38, Fig. 389, is attached to a ring 
147, and passes upwards through the back heck 44, betvi^en the glass rods 
13, and then direct to the end 39, Fig. 388, of the wire link Z in the frame* 
X. The two cords 146 and 34 are shown as passing through holes in the 
upper parts of the back lifigoes 37^ Fig. 3^9. tin reality the cords will 
be tied to the lingoes. A second and shorter cord fr<te»each, and dis- 
bingui8hed*by the same markings, is also tied or hooked to the back lingoes 
37^ and to the ring 147. 
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If*eitlier cord 34 or 146,^Figs. 388 and 389, be raised alone, it has%o 
efiect upon tbe vertical movement of the ring 147 ; but if both cords 34 


448® 896®and;3445 
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and 146 Ije raisea simultaneously, the c< 4 rd 36 and the ring 447 will be 
slackened, due to the raising of two adjoining back lingoes 37\ and hence 
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tM corresponding front lingoe 42, Fig. 388, will descend to take up the 
slack in cord 38, and will thus lower slighlly th6 corresponding punch 
needle 136, so that its > -shaped *end (< -shaped in Fig. 381) will be placed 
in the path of the moving grid 134.^ ^ 

• It will be understood that arrangements must be made for the B|Lme 
number of cords in tlie group 146 as in the- group 34, otherwise the two 
machines could not work satisfactorily. It does not 
follow that the two jacquards should have the same 
number of hooks, but it is clear that, whatever kind of. 
repeating is done, it must be accomplished without break 
of pattern or break of weave. ^ 

Suppose, then, that a design, to all appearances a 
common-harness design, has been punched on the fine- 
pitch repeating machine, the endless - paper cards cut 
from this design can be used for the purpose of duplica- 
tion. If, however, a full-harness design of precisely the 
44^^ same ornamentation and number of needles (not hooks) 
were required, the endless -paper cards for this full- 
harness design could be punched on the repeating 
34§ II machine illustrated in Figs. 387 and 388 by the aid of 
the common-harness endless-paper cards. ^ 

The common-harness endless-paper ojirds would be 
placed on the circular cylinder of the fine-pitch jac- 
quard on the right in Figs. 387 and 388, and this endless 
set would control the actual ornamentation according to 
the design ; the weaves, however, which are necessary 
for the full-harness design would* be introduced on to 
the full-harness endless-paper cards by means of the 
coarse-pitch jaejuard on the left in Figs. 388 and 387. 
Ist'I Suppose, for example, that in tiie Jull-harness set it 
were desired to have the 5-thread sateen weave in the 
ground of the design, and the ^-thread sateen for the 
Fio. 389. figure of the design. A Bet«of cards punched with the ^ 
» sateen weave is placed on the four-sided cylinder of the 
coarse-pitch jacquard. Since the figured portioif on the common-harness 
endless-paper cards is in more or less large areas, it follov« that every hook 
in the figure portion in the fine-pitch jacquard will be lifted ; simultaneously, 
seven hooks out of every eight of those in the, coarse-pitch jacquard will 
be lifted ; hence, every eighth cord 146, Fi^s. ^88* and 389, will be left 
down. And, although the corresponding cord 34 is rdistd by the fine- 
pitch jacquAd, the corresponding cord 38 will not be raised. Consequently, 
seven holes will be cut and the next jlace uncut on the eigifess paper 
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whicS is being repeated. T^e full length of the paper will be treated lAtil 
the last card of the dbmmon-hamess design has been repeated as a full- 
harness design, so far as the figure portion is Qpncen\jed. 

It now rejnains to introduce the y-tbread sateen, ^-,,,into the ground’ 
or jinpamted area. The common-harness endless:pj,per cards which have 
been used as a pilot set on the fine-pitch jacquard in Fig. 388, and the 
repeated endless-paper cards, are now reeledj^ack until each is placed ^ith 
No. 1 pick opposite the needles and punches respectively. Then a set 
of coarse-pitch cards punched with the sateen weave is placed on •the 
cylindser of the coarse-pitch jacquard ; but before the operation can be 
completed^t is necessary to cause the ordinary needles of the fine-pitch 
jacquard to work negatively instead of positively. 

When the jacquard is working positively — i.e. normally — the hooks 
1, 2, Fig. 390, are under the control of the ordinary jacquard needles 146. 
The latter, however, are not acted on directly by the cards as in the ordinary 
jacquard, but by a corresponding number of supplementary needles 147. 
Each of the latter is provided with a disc at the left-hand end, whilst its 
right-hand end is supported by the horizontal arm of a steel presser blade 
148. And each supplementary needle 147 is encircled by a vertical needle 
or feeler 149. The upper ends of the feelers 149 are bent to enable them 
to be gipported by a specially formed grate 150 (see plan view and also 
an enlarged wiew to the left of the latter in Fig. 390). The grate 150 
limits the downward movement of the feelers 149. The lower ends of 
the feelers 149 pass through holes in the double grate 29. 

It will be seen that there are seventeen of the steel presser blades 148, 
the outer end of each of which is bent downwards as shown, and the whole 
group arranged to firm a grate. The position occupied by this grate 
of blades is indicated at 148 in Fig. 363 at the end of the slide 59. As 
the slide 59, Fig. 363, moves outwards, due to the action of the parts 25, 
55, 56, and 58, tfie grate 148 at the en3 of 59 is raised slightly because of 
the action of the oblique slot 60 on the fixed pin. This upward movement 
of the part 59 raises th# feelers 149, Fig. 390, clear of the endless paper 61. 
As the grifie 27, Fig. 363, descends, the grate of blades 148 moves inwards, 
and the bottom ends of the feelers 149, Fig. 390, pass through the double 
guideplate 29 ; those feelers which are arrested by blank parts in the 
endless pilot selPremain in the high position, thus placing the right-hand 
ends of the corresponding supplementary needles 147 in the line of the 
downward-bent portion qf the steel presser blades 148 (see dotted position 
of one supplementary n*ed^ 147 in Kg. 391). On the other hand, those 
feelers 149, Ffg.^39Ct which pass through holes 'n the pilot endless paper 
place thg right-hand end o^ the corresponding supplementary^needles 147’ 
^nposite the gaps between the steel presser blades 148, Fig. 391, As the 
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presBer blades 148 move nearer to the feelers^^ 149, hg. 390, some of the 
supplementary needles 147 will be pushed to the left, and the discs on 
their ends will move, the oidinary needles 146 to the left, and thus take 
'hooks 1, 2, etc.„ofE the knife 27^ of the griffe, while .other supplementary 
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tteedles 147 will pass undisturbed through the gaps near the right-hand 
snds of the steel presser bla!des 148, Fig. 39^ ai the latter are moving 
inwards; the corresponding hooks 1, 2, etc.. Fig. 3#0, therefore be 
raised by tCe knives 27^.* AU the feelers 14^ are arranged in a 
K)nstant pitch ; in Fig. 392, however, the circular bends in the 
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feelerJ 149 are enlarged slightly in order *to show the arrangemfht 
better. 


Such is the action which takes 
being cut an(^ while the sateen 
of jbhe repeated endless paper. 
But to make the fine-pitch jac- 
quard, Fig. 388, work negatively, 
the steel presser blades 148, Fig. 
390, must be inverted as indi- 
cated in Fig. 393. Then the holes 


E oe*wheijfthe figure of the design is 
eing inserted in tl^e figure portion * 


• 148 



in the pilo^ set of endless paper Fm. 391. 

would result in the feelers 149 


occupying the low ])osition as usual, but the upward-bent parts of the 


steel presser blades 148 would push the supplementary needles 147 to the 
left, and Tience leave blanks in the repeated full-harness sets of paper. 
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Simultaneously, the blanks in the 
pilot sets of endless cards would 
cause the ends of all the corre- 
sponding supplementary needles 
147 to be placed opposite the gaps 
of the steel presser blades 148, as 
shown by the dotted supplementary 
needle in Fig. 393, and therefore all 
the corresponding hooks, Fig. 390, 
and cords 34, Fig. 388, would be 
raised. Now the — ^ sateen cards 
on the cylinder of the coarse-pitch 
jacquard in Fig. 388 would act in 
the ordinary way, and would leave 
d8wn four hooks out of every five. 
Hence, although every cord 34, 
Fig. 388, in the ground portion is 
raised, there is only one cord 146 
out of five raised by tjie coarse- 
pitch jacquard, so that only 
one out of five is cut, seeing 


that two cords (one 34 and one 


146) must be raised to cajise the corresponding cord 38 to yield. 

Apart from the ifitri^acfts of the machine illustrated in Figs. 387 to 
393, it will be observed that a defect obtains in that both the ground and 
the figure weaves are ifltro&uced mechaqjcally on to the pa^er, and thus « 
modificat*qps on -the contour of the figure and the adjacent parts of the , 
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gifeund receive no special treatment. . In connection with certain decora- 
tive fabrics it is well known that when the weaves rfre introduced hy hand 
on to the design-paper, th% edges of the ornament can be treated so zb to 
yield much moje satisfactory results in the cloth than it js possible to 
obtain by any direct ^mechanical, electrical, or photographical treatmfnt. 
On the other hand, there are fabrics in which the above-mentioned treat- 
ment is not essential, in which case the machine illustrated in Figs*. 387 to 
393 appears to be quite suitable. • 

iWhen the above machine is utilised for repeating purposes pure and 
simple, the operation can be performed, as already stated, from either long 
lengths of thin paper (fine Verdol pitch) or from thick cardboq^d cards of 
the ordinary type and, of course, of the pitch corresponding to the coarse- 
pitch jacquard, Fig. 388. If thick cardboard cards are used they would 
naturally be placed on the square cylinder of the coarse-pitch jacquard on 
the left-hand side in Fig. 388, and all the hooks of the fine-pitch jacquard 

on the right of the same figure 
^ would be held up while the 

cutting operation was being per- 
formed on the long length of thin 
paper. Conversely, if the repeat- 
ing process is from a long length 
of thin paper as ii^ the fine-pitch 
jacquard on the right of Fig. 388, 
all the hooks of the coarse-pitch jacquard on the left would be held up 
during the repeating process. 

The reading-in frames, or simples,” as they are termed, are used in 
connection with certain machines similar to that iilustrated in Figs. 357 
to 393, with the object of performing the work, as already stated, without 
employing a piano card-cutting machine. In this case, however, the 
simple consists of a number of ro^s of cords to corresponcj exactly with the 
disposition of the rows of the cords in the jacquard - e.^. 16 per short 
row. Before commencing with the selections foithe cross cords similar 
to C and D, Fig. 159, it is usual to pick a thread-and-thread lease of all 
the vertical cords in the 16 rows, and this operation, as well as that of 
inserting the cross cords, is not usually perfornftd at the actual cutting 
machine, but at some more convenient place. When tlm lease is picked, 
and two lease rods are inserted, the arrangement is very similar to that 
illustrated on the extreme right of Fig. 394, wlyjre the two lease rods are 
numbered 156 ; eight cords only are shown*at J57? Provision is made, 
however, at the upper end of cords 157 to prevent;fchem 4rom becoming 
displaced ;•thus the upper <ind qf each cord is^mafle in the form of a loop, 
and the loop is held by short bars in the readiug-in frame. Th^ lower i 


Fig. 393. 
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of theVertical cords l^T are attached.m a suitable manner to the beam 188, 
■which is held securely by means of a ratchet wheel on the end and a retaining 
pawl, not shown, but loosely pivoted on a'stud ip the ^ame A. 

when the pimple has been providA with the cross cojds as explained 



in connection with Fig. 15g, the simple is taken to the machine illustrated 
m Fig. 394 and attacledrf.s Micated therein • The cords 38, 146, and 34 
are attached t* the ^me parts as the similarly numbered cords in Figs. 
388 and 389. In Fig. 394, tiowever, therg is »n extra series oh cords 169 
which pas’s pver the pulleys 160 housed in the oblique pulley box or frame 
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Ifl. These cords, the niimJ)er of which also corresfonds with the iftimber 
of needles in the jacquard, descend as indicated towards the upper ends 
or loops of the simple corcjs 157’; indeed, the loops of the latter are sus- 
pended on hooks at the ends of thi cords 159. The lease rods 156Vould 
be removed, and then the cords 157 made taut by rotating the beam^l58 
clockwise. 

''Of each short row, or rather half-row, only the first and last cords, 38, 
146, 34, and 159, are illustrated in Fig. 394, but all 
the 16 cards in each complete short row are shown in 
Fig. 395, in addition to the uniform tensioning cords 
and lingoes 162. This figure also shows a considerable 
part of the mechanism, while Fig. 396 is a front view of 
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verticarcords in orders* which depenc^, upg;a thft lengths of the unbroken 
floats of figure and groiftid, or vice versa, accordingjic circumstances. 

Th# positions of the equal- 
weighted lingoes 37 A and 37 B 
afiect the position of the punch 
needles 135, which are similar to 
thos^ numbered 135 in Fig. 38l. 

It will be remembered that 
these puncji needles 13^ muSt 
descend a short distance under 
the influence of the lingoes 42, 
Fig. 394, when holes are required 
in the cards or paper, so that 
their > -shaped ends may appear 
in the path of the > -shaped 
knives 134 of the knife-block 90. 
If the cord 38 is slackened, a 
punch needle 135 is lowered ; but 
if the cord 38 remains as illus- 
trated in Fig. 394, the corre- 
sponding grid knife 134 would 
pass between two adjacent punch 
needles 135, and a blank would 
157 appear in the paper strip 138. 

In Fig. 394, and in the much 
enlarged view of the cords and 
lingoes in Fig. 397, it will be 
seen that a comparatively large 
knot 163 is tied on the cord 38 
and on the two short cords 166 
and 167, the two latter marked 
only in Fig 397. The short cord 
166 passes from the knot 163 
through the ring 147, ai^d is then 
attached to the lingoe 37 A. 
The short cord 167 passes direct 
from the knot 163 to the secotid 
lingoe 37 B. Finally, the cord 
38 paSses, as before, to one end 
The other end 40 of wire Z is attached to a 



Fig. 396. 


39 of the wire Z? 394. 
cord 41, an^ the wire Z is fulcrumed at Y* 

It will beiinderstood that all ^^oss cords, C and D, etc., m Fig. 159 

2 £: 
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aw supposed to be interwoven witlj the vertical cords 167, Fig. 394. If, 
therefore, an iron rod is inserted between these vertical cords 167 so as to 
replace the first or^upperccross cord, and then this iron rod is made, either 
mechanically pr manually, to pull the vertical cords apar^ so as to make, 
BO to speak, a shed^as partially indicated in Fig. 395, the cords 16'^ thus 
pulled out of their direct line would obviously raise the corresponding 
lingoes 37 A, through the^ medium of the cords 159. This movement, 
although representing all cords pulled for the figure on the first pick, wwild 
have po effect upon the knots 163, and hence no effect upon the cords 38 
or the cords 41. But if the corresponding hooks in the jacquard 164 be 
lifted at the same time, through cords 146, then both com;^nion lingoes 

37 A and 37 B would be raised simultaneously, and the corresponding o 
cords 38 and 41 slackened, thus lowering the punch needles 135 to be pushed 
to the left and through the paper 138 by the moving grid knives 134. It 
is not difficult to see, however, that under such circumstances the cutting 
on the paper 138 would coincide with the long painted floats of the design 
paper. On the other hand, if certain hooks in these groups in the jacqu^ird 
164 are prevented from rising, their corresponding lingoes 37 B would 
remain dovvii, and hence blanks would appear at these points on the paper 
138, because one lingoe 37 A is unable alone to slacken cord 38. Conse- 
quently, if the figure on the paper 138 requires to be punched so as to 
develop the 8 -thread sateen, , it would be necessary to place a set of 
cards or paper cut for this weave on the cylinder of jacquard 164. Any 
other weave for the figure could be obtained by a suitably punched set of 
cards for the jacquard 164. 

It is desirable to cut the weave for the ground simultaneously with the 
cutting of the weave for the figure, and this is effected by means of the 
16-row jacquard 165, the cords 34, the knot 163, and the ring 147. The 
knot 163 is made large enough to prevent it from passing through the 
hole of the ring 147 ; hence if a cord 34 is raised by*a h 9 ok of the jacquard 
165, the ring 147, on being raised, would just slide upwards a short distance 
on the cord 166, Fig. 397, and then raise cordL ^8 by coming into contact 
with the knot 163. The lingoes 37 A for the ground part have, of course, 
not been affected by the lifting of the lingoes 37 A for the figure part, and 
hence the cords 166 belonging to these low-pofitioned lingoes 37 A wpuld 
be taut ; but both lingoes 37 A and 37 B would be^aised by means of 
the ring 147 and the knot 163, and consequently the corresponding cords 

38 and 41 would be slackened to enable a hole fo be punched for the ground. 
If cards for the ground Weave, say b 6 pheed in the cylinder of the 
jacquard 165, this weave would be punched on the ground parts of the 
paper 138' simultaneously ^wit}i the punching ol the -7 sateen weave for, 
the figure. 
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An/ two weaves, one for the figiye and oile for the ground, can bf 
punched at the same tinfe on file thin paper 138 ; the making of the point- 
paper design would be of the 



^ nature ; while 
the flection of the marks for 
the insertion of the cross cords 
or picks in the simple would 
also be easily performed. 

Although, say, every fifth 
cord 34 •(Fig. 394) is raised by 
the jacquard 165, it does not 
• follow that all such cords are 
capable of lifting the corre- 
sponding knots 163 and lingoes 
37 B, for some of the latter 
may be required down for the 
figure binding. For those cords 
that are required down, the 
lingoes 37 B would be in the 
low position, but the com- 
panion lingoes 37 A would, of 
course, be up, because of the 
pulling of the cords 156 ; hence 
the cords 166, Fig. 397, belong- 
ing to this group would be 
slack, and the effect of lifting 
the rings 147 by means tof the 
cords 34 would simply cause 
the rings to slide on, and take 
up, the slack cord%160» 

Another arrangement of the 
bottom cords and lingo«s is 
illustrated in Fig. 398. In this* 
case, each punch needle 135, 

Fig,. 394, is connected, through 
the necessary cortii, to three 
weights, 37 A, 37 B, and 37 C, 

Fig. 398, the weight 37 A bqjng 
about twice as heavy & e^hrf 
weight 37 B OTi»w‘^ighi) 37 C, 

The heavy weights 37 A*are*lifted by th^co^ds 159, Figs. 394 and 395, 
when the ^ds 157 of the simple are deflected by the operative ; and 


Fig. 396. 
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when the lighter weights 3f B are lifted by tlje corcfs 146 from the jacquard 
164, the needle punches 135, Fig. 394, are lowerecl by the cords 41. 

In Fig. 398, mail^ 163treplace ^e knots 163 and rings 147 in Figs. 394 
and 397. The weight 37 A is connected to the cords 157 simple 
by the cords 159, c^nd a shorter cord 167 passes from the weight ^7 A, 
over the glass rod 169, and then to the light weight 37 B. A third cord 
168 passes from the weight 37 A through the mail 163 and to the third 
weight 37 C. The weights 37 B are connected directly by cords 146 “to 
‘ the hooks of the jacquard 164 


146 34 



37A 37B 



for the figure, and the"weights 
37 B are als© connected 
through the mails 163 and the 
cords 38 to the needle punches 
135, Fig. 394. Finally, the 
third weights 37 C are con- 
nected directly to the hooks of 
the jacquard 165 by means of 
cords 34. 

When the simple cords 
157, Figs. 394 and 395, are 
pulled, the cords 15g and the 
heavy lingoes^ 37 A, Fig. 398, 
are lifted. The upward move- 
ment of a lingoe 37 A causes 
a slackening of cords 167 and 
168 without affecting the 
correlponding needle punch 
135, Fig. 394, as this is held 
in the inoperative position by 
the w^ght 37 B. Hence, to 
obtain the necessary weave in 


Fig. 397. 


Fig. 398. the^’figure portion, it is essen- 
•’ tial to lift simultaneously the 


cords 159 and all the cords 146 and lingoes 37 B which are not required 
to be down for the figure weave. The remaining needle punches ara for 
th!fe ground, and are left in their normal positions bec^ase the correspond- 
ing heavy weights 37 A are not disturbed by unpulled cords 159. 

In order to cut the ground weave in the, parts corresponding to the 
unpainted portions of the point-paper desigj, tiie cylinder of the jacquard 
165 is provided with a set of cards, say, 1 up and 4 do^n, or any other 
order, and* hence the hooJcs cf the jacquard f65 would lift^every fifth 
cord 34 and every fifth weight 37 C. ^The lifting alone of these cords* 34 
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and \feights 37 C doeS not affect tl\p needle punches 135, but when tfis 
lifting action takes pla^e, the corresponding short cords 168 are slackened, 
and the heavy weights 37 A draw up^the slaci and simultaneously draw 



up the lighter weighffe 37 B* Hence, cords 38 are slackened, and these 
allow the needfe punches 13^ Fig. 394, to fall in+o the path of the moving 
grid knives 134 to effect the cutting of Ijie Jj^oles for the grftaid weave. 
• Figi sSst illustrates the operative at work. He is at present holding 
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&t a certain number of « simple (jords— oonesp&ding to ,the fainted 
portions on one horizontal line or pick of the poin’c-paper design— for the 
first pick. All the ^ther «ross co^, interwoven with the vertical cords 
of the, simple, ^are shown in a boSy nearer the floor. T|je foot treadle 
actuates, by levers ^.nd rods, the lifting and punching mechanism, (see 
also Fig. 395) ; after the paper has been punched by the mechanism on 
the left for one pick, the n^echanism is disengaged automatically so that 
the attendant may pull the next cross cord for the second pick, and so on. 
Two 0 ^; more simples may be provided, in order that one or more may 
be in preparation while others are iii use at the machines. It actual 
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repeating is to be performed, the pilot paper strip is placed on the left of 
Fig. 399, and the hooks of this machine operate the needle punches as 

before. « ^ . . ii ^ j 

After the long paper strip has been punchSd, it is usually supposed 

oma light card cradle by means of small projections « light metal clips, 
a doubled part of which grips the paper. In order that the paper may 
be prepared conectly for the machmes, especmlly when long lengths are 
used, it may be creased by a machme as mdijated in Fig. 4Q0 before it 
is taken to the card-cutting or repeating machine. , 

A somewhat similar methi^ of reading-fh iS employed in ^connection 
with the cutting of pasteboard cards on the Vincenzi pit<^. Sig. 401 
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illustrates one type of%iacliiiie for the purpos*. and it will be seen thrt 
there are two simples connectSd by suitable cords to the repeater or puncher 
on the right. We have seen car^ (8trawi)oardjCard8)^cut with this pitch 
on a piano card-cutting machine, and jhen the looni cards^ repeated from 
the'common strawboard cards on the repeater on the right. 
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The usual Frer^^h machine for the Vincenzi pitch is shown in Fig. 4P2, 
and, so far as the general •arrangement of the cords is concerned fym 
the jacquards and simple, is verj^sftnilar to the machine illustrated in 
Figs. 394 and 395. The/imple is omitted ia Fig. 402, but its position 
is on the extrenje right* Thi^Wchine is usually arranged for 1320 ne^es, 
and requires two operatives.* One operative draws the cords af,the simple 
oathorigfit* and, as already described, while the other operative performs 
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actual punching operaj^ions on the left. The afctual cutting apparatus 
differs, however, from that illustrated in Fl^s. 3^4 and 395, although it 
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is very similar to, but finer than, the punching ^rts illustrated in Figs. 
302 to 305 in connection with the Devoge repeater. 
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Accessories, 144 

Accuracy of holes in cutting plates, 99 
Adjustment of card guides, 113, 114 
All-over repeating tie. See Repeating ties 
All-single tft. See Straight-through tie 
Alteration in sketch, 59, 60, 79, 84, 85 
Arrangement of jacquards on looms, 51, 52, 
53 

Automatic (American) lock-stitch lacing 
machine, 322 

peg- and lace-hole machine combined with 
lacing machine, 323 

Automatic (Benson’s) card-cutting machine, 
197-203 

Automatic peg- and lace-hole machine, 313, 
322,325 • 

Automatic peg- and lace-hole machine com- 
bined with lacing machine (Hard- 
aker’s), 313 
description of, 314-321 

Bessbrook jacquards. See Trilling jacquards 
Bordered designs, 53 
British (ordinary) pitch jacquards, 51 
British pitch of card and jacquard, 114 
Brussels carpet, 54, 121, 1^3, 127, 129, 130 
Brussels carpet car<Pcutting machine, de- 
scription of, 120-132 
Brussels carpet designs, 130 ^ 

Brussels carpet jacquard, capacity of, 130 
Brussels carpet ^oom, 55, 130, 132, 914, 259, 
267, 325 

• • 

(XVi-outting (cord) machine, 118, 119 
Card 'Cutting, definiticsi of, 96 
for cast-out harnesses, 25 * 

for Lever’s lace machine, 192, 193 
for the lace trade, 182, 185 • 
instructions for, 225, 297, 229, S30, 231, 
233 • 

lacing and wirftg aepaftment, J157, 158, 
159 • 

C^d-o^tinj| machines, 06-180 


Card-cutting machines (contd .) — 
machines for the lace trade (Benson’< 
automatic), 197-203 
do. (Benson’s non-automatic), 197, 198 
do. for Brussels and Wilton carpets, 120 
rate or speed of, 137, 184, 185, 186, 203 
Card cylinders, hammers for, 160 
Card guides and adjustment of same, 113, 
114, 249, 250 

Cards affected by climate, 145, 146 
Cards and card lacing, desirable conditionE 
for, 292 

Cards at back of loom, 4, 15, 18, 68, 219, 
221, 223, 227, 229, 230 
Cards at end of loom, 223, 224 
Cards at front of loom, 4, 15, 18, 67, 220- 
223, 227, 229, 230 
Cards, comparing the value of, 146 
cost of, 67, 72, 90, 145, 146, 148 
cut and weave inserted without pianc 
machine, 415-421 

dimensions of, 96, 136, 152, 176, 203, 
356 

la(;ed backwards, 221, 222, 226, 227, 228 
230, 231 

iiaced forwards, 221, 228, 230 
large numbers of, 11, 12, 66, 67 
method of cutting, 107, 108, 110, 111, 
137, 139-142, 177-181, 219 
numbered end of, 218, 306 
of different sizes and pitches, 134, 135, 
138, 356 • 

order of cutting, 98, 220 
pilot set for repeating machine, 232, 329, 
387-390, 402, 403, 404, 407, *411, 
413, 422 ^ 

pitches of, 136, 137 

semicircular holes in edges of, 116, 293 
sliding^n lacing twines, 214, 293, 294 
• truck for, 323 

working forwards and backwards, 60, 61, 
Castmg-out or fileying, 19, 22-26, 30 
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Cftitre-ties, 7, 37-40, 43, 44, 63, ^4, 63, 72, 
90, 94, 226 

I advantage of, 37 ^ 

defective part in, 40 ^ I 

• Clearing plates, 302, 307, 3(fe, 311, 312, 317, 
336, 336, 34P, 342 

Cloths for table decoration|80 • 
woven face downwards, 222, 231 
•upwards, 220, 226, 227, 231 
Comberboards for extra warp fab|ics, 35, 
36, 37 

Illative positions of jacquards to, 5, 6, 8, 
2231 224 • 

sectional strip, 16, 18 
solid, 16, 18 

Common harness jacquard. See Twilling 
jacquard 

Compound ties. See Mixed ties 
Cords (reference to design, point or draught 
paper), 66 

Cramming of harness reed, 87 
Creasing paper for fine-pitch machines, 422 
Gutting cards on Brussels and Wilton carpet 
machine, 123-132 

holes in cards for selvages and similar 
work, 212 
plate (hand), 96 

two cards simultaneously, 121, 132, 143, 
185 

Cylinders coupled to work as one, 36, 48, 
120 

Damaged cards, 145, 292, 293 
Design, cost incurred in making a, 146, 147, 
149 

Design paper, 25, 26, 35, 36, 40, 45, 48, 58, 
59, 60, 66, 87, 90, 98, 100, 106, 122, 
123, 126, 130, 132, 136, 147, 148, 156, 
167, 174, 199, 206, 222, 225, 229, 406 
difficulty of cutting from two sheets of, 
182 

in two portions, 182 

position of, on reading board, 98, 219, 
226 

re-ruling, 48 

significance of painted parts on, 98, 111, 
222, 226,227,229 
unequalljf ruled, 69 

Dobbies and dobby shedding, 1, 8, 30, 98 
Double tie, 44, 46, 48, 49, 60, 67, 66, 66, 77, 
80, 89 

Drav-boy jacquard, cords in, 196 
Duplicating cards. Su Repeating * 

Electrical card-cutting, 193, 194, Il4 
Electrically driven looms, 15 
I English t 3 rpe qf jacquard, 8 
Equipment of ci^-cutting departnentf 294, 
296 


Experimental wfiaving, sizes of jaiquards 
fo% 20 ^ 

Extra warp figuring, 33, 34, 36, 36 

Fileying. See Casting-out 

Fine-pitch jacquards, 42 • 

First harness cord, needle, hook and thread, 
8, 16, 18, 38, 123, 218, 219, 220,^21, 
222, 223, 226, 227, 234 

Flop-t, length of, 71, 83, 84, 86 

• 

Griffe, times of movement of, 343 

Hand punches for inserting holesi missed 
during the operation of cutting, 144, 
145 • 

Hand-punching plates, 96, 97, 120 
method of })utting cards on, 98 
punches for, 98, 99 

Harness and shaft combination. 30, 31, 33, 
35 * 

cords, 7. 8, 12, 13, 28, 51, 53, 202 
angle of, 51, 52 
friction amongst, 18 

mounting, 6, 7, 18, 21, 36, 40, 46, 48, 63, 
64, 72 

order of drawing the threads in, 3, 4, 8, 47 
reed. See Comberboard 
tie for maximum and minimum widths of 
cloth, 49 0 

ties, 6, 7, 8, 10, 12, 1|, 26, 28, 47, 49, 
50, 57, 90, 202 

ties for striped designs, 26, 33 
numerical, 27, 32, 48, 50, 66, 73, 74, 
75, 77, 82, 85, 89, 110 

Heck, 9 

Imperfect lacing of cards, 207 

Individual cloths, 61 

Inferior cards, 145 • • 

Jacquard working negatively and positively, 
411 ^ 

Jacquards, arrangement of parts in, 4 
arrangem€#t on looms, 51, 62, 63, 67 
botto^m needle in, 3 
English type of, 8 
fine-pitch, 42 

fmt row 0 # needles and hooks in, 7, 98 
needles per row in, 1, 2, 38, 47, 48, 49** 
number of, requffbd for four distinct 
methods of weaving a given design, 67 
relative positions of comberboards and, 
6 . 6^8 

Scottish tfrpe of, 13 

sizestf, 1, 12. 20,^6, 27, 31, 33, 36, 36, 
3% 40,477 60, 61, K 77, 88, 91, 97 
top needle in, 3 ^ 

Twilling. See Twilling ja(^uard%, 
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INDEX ' 


JoinSjf of weaves and d&igns, 71, 72, 76* 
78, 79, 83, 84, 88 • • 

Knots, detection of, on lacing twine, 271 
on lacing twine, 208, 216, 255 

Laas curtain, 53, 195 
trade, 192 

Lace trade, 186, 191, 196, 197 
Lacing, 147, 148, 160, 181, 203, 207, 29lB 
fjacing and peg-hole machines combined 
(American), 323 
speed of, 324 

(Parkinson’s or Hardaker’s), automatic, 
313 • 

Lacing and wiring frames, 209, 210, 211, 
217, 220 

methods of placing cards on, 211 
methods of spacing cards on, 209, 210 
Lacing caiids by hand, 207, 208, 213, 214, 
215, 216 

by machine, 207, 235-276 
description of, 213, 214 
Lacing cards mechanically, 235-276 
reasons for, 213 
with two needles, 215 

Lacing holes, 97, 98, 108. 123, 126, 129, 210, 
245, 293, 296. 299. 310 
Lacing machine, American automatic lock- 
stitcH, 322 

American hand-feed lock-stitch, 322 
American loop-stitch, 323 
Lacing machine, Parkinson’s rapid (Hard- 
aker’s), 258 

brake of, 260, 261, 268, 269 
cams for, 258, 259, 260, 267, 268, 269, 271 
chain for cards, 270, 271, 275 
cop winding mechanism? 270, 271, 272, 
315 

•* description of, 261-276 
lacing mechanism, 272 
needles, 267, 272, «74, 276 
presser foot, 272, 274 
ratchet wheels, 259, 260, 261 
shuttles and shuttle carrifts, 267, 273, 
274, 275, 276 • 

speed of, 276 

Lacing machine, Singer’s, 235 • 

«iams for, 236 ^ 

description of, 236^8 
feed ratchet wheel of, 242-247*254 
feed wheels of, 239, 242-247 ^ 

adjustment of, 251, 252 
number of pegs in, 24fi • 
method of operating, 254, 296 ^ 
movements of HeedUc of*245, 246, 253, 254 
needle and thread takc-uptneeftanism of, 
247,^48, 249, 254 
^rellftr fooli 249, 261 


Laeing machine. Singer’s (contd .) — 
shuttles for, 250, 251, 252, 253, 254, 255 
«peed of, 238 • 

i spool binding pechanism of, 255-258 
I Lacing twine, z07, 208, 211, 213-217, 236,* 
239, 246, 248, 2^, 252-25^, 26$, 266, 
• 271, 272^74, 276, 277, 292, 293, 296 
Ijacing without holes, 117, 293 
Lashing frame, 196 
Lay-oMfer tie. See Centre-ties 
Lever’s lace machine, 192 
Lift-in designs, 80, 87 
Lingoes, 7, 40^ 409, 410, 414 ' 

London tie, 618, 223, 232, 234 
advantage of, 18, 35, 36 

Mails or mail-eyes, 7, 26 
Mirrors, 62 

Mistakes in card-cutting, 144 
Mixed ties, 7, 27, 34, 43, 44, 46, 90 
Multi-coloured fabrics, 91 

Neckband. 7, 8, 13. 75 
Norwich tie, 6, 14, 15, 223, 232 
Numbering cards automatically and other- 
wise, 326, 327 

Objections to certain types of ornament, 
61, 62 

Overshotted fabrics, 59, 60 

Paisley plaid, 39 
Paisley shawl, 39 

Paper, strengthening strips for, 175, 179 
Peg- and lace-hole machines, 295, 324, 325 
American, 313, 322, 325 
automatic, 313 

Ayrton’s, adjustments for cards and 
punches, 306 

adjustments of punch plates, 310 
description of, 303-309 
method of working, 306-309 
Peg- and lace-hole machine and Parkinson’s 
(Hardaker’s) rapid lacing machine 
combined, 314 

Peg- and lace-hole machine, Devoge’s, ad- 
justments of punches and hooks, 
301 * 

description of, 296-303 
method of working, 302, 303 * 

Peg-hole cutting machine, fine-pitch, 151 
Peg holes cut in long lengths, fine-^itch, 
162 

Peg holc^ damaged, 177, 293 
Piano card-cutting machine (American), 143 
Piano card i .jtting machine (British, looarse 
or ordinary pitch), Bil0| 202 i 

effrriafe, movement of, 100, 104, 106, 107, 
108, 110, 112-116 
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li^CQUAEDS AND HARNESSES 

« • 

c 


Piwo card-cutting machine (con/d.^— 
description of» 100-119 
•escapement of, 103, 104, 112-116 « 

headstock, action of, lO^. 107 % 

• headstock of, 100, 103-106f 114, 115, 116, 
.204* * 

pointer and index card, l(|l, 107, 10^ 110 
position of card guides in, 113 
Pian<9 card -cutting machine (fine -pitch), 
headstock of, 167, 163, 164.1(», 170, 
177, 178, 180 

m§vements of cylinders and paper, 160, 
161, %62, 170, 174, 179, m 
spring hammers, 163 

Piano card -cutting machine, fine -pitch 
(Verdol), description of, 151 - 157, 
159-181 

medium pitch, headstock of, 118 
power-driven, 143, 144, 185 
description of, 185-192 
zig-zag pitch, 138 
carriage, movement of, 141 
description of, 139-143 
headstock of, 137, 140 
Piano machine, index card, 25 
Pitches of cards and machines, 114, 133, 
137, 145, 152 

Pointed ties. See Centre ties 
Point-paper designs. See Design paper 
Porter. See Sett 

Position of first hook, needle and cord, 219, 
220 

Pressure harness weaving, 57 

Punching plates. See Hand-punching plates 

Quilt industry, 53 
Quilts, 148, 185, 407 

• Railway press, 305, 366, 370 
description of, 371-377 
Reading boards, 100, 104, 122, 167, 182, 

183, 184, 219, 220, 221 * 

methods of reading designs on, 107, 110, 

184, 229, 230 

straight edges of, 104, 107, 108, 122, 143, 
182, 183, 184, 219, 229, 230 
vibration of, 182 

Reading-in frame, 195, 414, 415, 422, 423 
Reading-in frame coupled to two jacquards 
^ and card-cutting machine, 414 
description of, 415-420 
md^ements of cords and lingoes, 416-421 
Reading-in frame with three jacquards and 
card-cutting machine, 421, ^22 
Reading-in machine, 197 
Frame’s patent, 203-206 
ii Relation between jacquai:^ comber- 
board, 219-222, 224, 225, 23» « 

Relation between jacquard and weaves, 20 


Jtepeating machine, 132, 195, 295, 321^*^26, 
327% • 

American, 363, 364 

Ayrton’s, British pitch, description of, 
344-352 

movements of punches, *349, 360 
movements of repeating cylinders, ^7, 
348 

no cords in, 344 

Provision for 400’8 and 600’s cards in, 

‘ 352 • 

Repeating machine, Devoge’s British pitch, 
action of clearing plates in, 342 
description of, 328-344 • 

method of attaching puncljes to cords, 
340, 341 

movements and shape of punches and 
knives in, 334, 336-340 
provision for 400' s and OOO’s cards in, 336 
supports for 4(K)’8 and (KK)’% repeating 
cylinders, 336, 337 

Repeating machine for single cards or un- 
laced sets, 363 

Repeating machine, M‘Murdo’s British pitch, 
connection from jacquard to punches, 
356, 357, 358 
description of, 353-363 
driving of, 360, 361 

movements and shape of punches and 
knives, 353-356, 358, 359, 3i0, 362 
movements of cylinders, ®62, 363 
Repeating machine, M‘Murdo’s medium 
pitch, 352 

Repeating machine (table), 365 
description of, 366-371 
Repeating machine, peg holes cut in, 326 
Kejjeating machine without cords, 344, 364 
(fine-pitch), 40B 
description of, 403, 404 
Rei>eating machine (fine-pitch) with threfc* 
jacquards, 406 
with two jacqutfrds,^06 
movements of lingoes and cords, 416- 
421 

Repeating raiUhines, fine-pitch, 378 
back h'li’ness of, 378, 385, 398 
cylinders of, 389-396 
dqpcription of, 380-403 
front ham^ of, 378 
method of driving,^80, 381, 384 
movements of pun^es of, 398-403 
s{)ecial jmnehes for, 403 
Repeating ties, 7, 8, 12, 14, 15, 18, 20, 21, 
3(4 3S, 40,^3, 73, 90, 91, 226 
Right-a^led^mirror, 61 

Scotch catpet industry, 53 
Scottish type of jacquard, 13 • 

Sdf-twilling jacquard. /Sfee Twilling jSaquaftl 



INDEX 


SelT^^to and selvage coifU, 8, 12, 27, 40. 
48, 49. 62, 63, 66, % 80, i7, 88, llOr 
111, 133, 212, 213, 221, 227 
Selvages operated independently of jaoquard, 
133, 134, 212 

Sett or porter, >1-26, 28, 30, 32, 35, 60, 65, 
, 72, 74, 82, 83, 87, 90 
Shaft and harness combination. See Harness 
and shaft combination 
Shedding tappets, 130 | 

Simple (frame composed of cords), 197. 

See also Beading-in frame 
Single tie, 44, 46^ 48, 49, 50, 57. 63, 64, 65, 
66 , 89 

Sketch, alterations in, 69, 60, 79, 84, 85, 
147 

cost of, 146, 147, 148 • 
working, 61, 77, 87 

• Special hooks and needles, 9 

Special ty^s of machines, 120, 124, 130, 145 
Speed of card-lacing machines, 238, 276 
Spools, fiUing of, 256, 257, 258, 289, 290, 
291, 292 

Stitching cards, Singer’s machine for, 277 
cams for, 279, 281, 283 
description of, 277 
feed dog of, 288 

feed wheels or peg wheels of, 279, 284 
needles and needle bars of, 283-288 
pressei^oot of, 284, 288 
ratchet wheel ff, 279 
sewing mechanism, of, 285-288 
shuttle mechanism of, 284-288 
spool winding mechanism of, 289-292 
thread take-up mechanism of, 281, 283, 
285, 287 

Straight-through tie, 6, 8, 10, 11, 37, 38, 
42, 44, 49, 67, 77 • 

Suitable numbers of hooks for maximum 

• • number of weaves, 20, 21, 22, 25, 32, 

108, 109 

Table, diagram showing cloth on, 85 
Tables, 23, 24, 25, 136, 231, 246, 247, 253, 
276, 292, 293, 311. 335^43 
Tailcord. See Neckband 
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Tapestry, multi-coloured, 91, 94, 186 * ^ 
Tapes stitched to cards, 236, 277, 283, 284. 
, 286, 288 

I Tappet gjieddinc^l, 8, 30 
Thin paper aff^ted by atmosphere, 160 
• cost of, 160 • * 

description oL method of punching holes 
in, 152-157. 159-180 
instead of cards, 148, 169 
Towelsi individual, 61 
Truck for jacquard cards, 323 
Twill, direction of, 71, 73, 77 , 

Twilling jacquard, 16, 40, 42, €3, 44, 46, 
47, 53. 60. 67, 68, 77, 85, 87, 90, 
405, 406, 407 

Unequally -ruled design paper, 69 
Uptake motion retaining pawl lifted for 
crammed horizontal stripes, 134 

Verdol card - cutting machine. See Fine- 
pitch piano card-cutting machine 
Verdol jacquard, 148, 378, 379, 402 
description of, 384-388, 411-413 
working negatively, 411, 413 
Vincenzi jacquard, 406, 422, 423 

Wilton carpet loom, 55, 132 
Wilton carjcets, 54, 121, 123, 126, 129 
Wires, cranked, 216 

number of cards between successive, 216, 
217 

Wiring, 147, 150, 207, 216, 217 
Wiring and lacing frame. See Lacing and 
wiring frame 
Wiring twine, 216 
Working sketches, 61 
Worn-out jacquard cards, 292 

'b am for lacing. See Lacing twine 

take-up mechanism. See Thread take- 
up mechanism 

Zig-zag pitch card and paper, 135, 149, 176 
card-cutting machines, 139-143, 151-180 


THE END 


Vrinted in Great Briiain hy R. & R. Ci.ark, Limi'i kii, Edinburgh. 
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TEXTILE MANUFACTURER.-^^Ty^^ book is very w( 
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acilitate reference and make the operation of tb^ mechanism clear 
:he reader. The new matter embodied in the present volume includ 
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to have the knack of terse description, which is helped greatly by 
carefully prepared groupings and diagrams : no words are wasted, yet 
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matter for so useful a book.” 

TEXTILE MANUFACTURER .— work should be 
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certajn that it will be welcomed by students and practical men alike.” 
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